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1
ENGINE CONTROL METHOD

CROSS REFERENCE OF RELATED
APPLICATIONS

This application relates to the subject matter of a
copending U.S. application Ser. No. 471,435 filed on
Mar. 2, 1983.

The present invention relates to an engine control
method for a motor vehicle employing a microcom-
puter, and, more particularly, to an engine control
method in which the engine revolution can be con-
trolled stably and/or smoothly during an 1dling opera-

tion.
Recently, general control for an engine has been

performed by usmg a microcomputer for the purpose of

improving engine control performance.

Various functions are required for the engine control
depending on the kind or type/use of car, and, there-
fore, in the engine control system utilizing a microcom-
puter, a general purpose software, that is a software 1n
which correction, modification or addition can be ef-
fected onto the various control functions depending on
the kind/use of the motor vehicle, is required in order to
improve overall cost and/or controllability.

Conventionally, the amount of suction air in an en-
gine has been indirectly detected on the basis of the

10

15

20

25

2

Assuming now that v=vg when the rotational number
of engine N=0, and the mass flow rate q4=0, equation
(2) 1s expressed as follows:

vo*=C| (3)
Thus, the following equations (4) and (5) are derived
from the eqguations (2) and (3) and an instantaneous
value of mass flow rate qq can be obtained from the

equation (5).

(4)

(o)

Thus, the average or mean air flow rate in one suction
stroke Q4 can be expressed as follows:

(6)

E
. Gan - AO H_IQAH

n - A@ = n

g1+ A8 4 g4 - A6 + ..
Og =

——

where A represents a crank angle between two adja-

cent sampling points of g4.
Further, the amount of fuel injection Qg for one suc-

tion stroke can be expressed by the following equation:

pressure in a suction manifold, or the total amount of 5,

suction air per suction stroke has been obtained by di-
rectly detecting the air flow rate. Disadvantages of the
indirect method resides in the fact that the accuracy 1s
poor, the variations and/or deterioration in perfor-
mance of the engine may affect the detection, and the
responsiveness is poor. A disadvantage of the direct
detecting method resides in the fact that a flow rate
sensor having high accuracy (error: within 41% of
read value) and a wide dynamic range (1:50) 1s required,
resulting in an increase in cost. Preferably a so-called
hot-wire type flow rate sensor (hereinafter referred to
as a hot-wire sensor) has been employed as the flow rate
sensor, because the hot-wire sensor has a characteristic
allowing a wide dynamic range and reduction in eost
can be expected.

However, the suction air flow rate in an engine 1s not
constant but is pulsating, so that the output signal from
a flow rate sensor has a non-linear characteristic with
respect to the suction air flow. Therefore, 1t becomes
necessary to obtain the air flow rate in suction stroke in
the form of integration of instantaneous air flow rates,
and complex operations are required for the integration.
That is, the hot-wire output voltages v shown mn FIG. 1
can be obtained according to the following equation:

=JCI+C2‘IG’A

where qu represents the mass flow rate and Cj, C;
represent constants determined by the shape of intake
manifold etc. This equation (1) can be changed nto the
following equation:

(1)

(2)
V2=C1+Cz‘l€h4

35

40

435

50

35

60

65

(7)

where N represents the number of engine revolutions,
and k a constant. This means that the amount of fuel
injection Qg for one stroke can be determined on the
basis of the obtained value of Q4 and the number of
engine revolutions N.

Conventionally, during an idling operation of an en-
gine, that is, in the ON state of an idling switch, the ON
duty factor of a by-pass valve is determined on the basis
of the sum of a value determined in accordance with the
cooling water of the engine and a value representing the
quantity of feedback of the number of engme revolu-
tions for controlling the number of engine revolutions
to be a reference number of engine revolutions for an
idle operation. In an idling operation, however, it 1S
difficult to control the number of engine revolutions
represent the reference number of engine revolutions
for an idle Operatlon stably and/or smoothly, when the
engine running condition changes, that is, for example,
upon the occurrence of changes in the state of engine in
starting operation to shift from the state of starting by
the engine starter motor into the state of self cranking,
changes in the ON/OFF state of the idling switch, and
changes in the state of load of the engine.

An object of the present invention is to provide an
engine control method in which the number of engine
revolutions can be controlled stably and/or smoothly to
be a reference number of engine revolutions for an
idling operation of the engine upon the occurence of
changes in operating condition of the engine in the

~idling operation.

To this end, the present invention computes a duty
factor for a by-pass valve on the basis of the outputs of
sensors, for detecting operating conditions of an engine
in an idling operation and supplies the by-pass valve
with a pulse signal representing a predetermined duty
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3

factor on the basis of the computed value of duty factor.
The above and other objects, features and advantages of
the present invention will be more clear from the fol-
lowing description with reference to the accompanying
drawings, in which: 5

FIG. 1 is a characteristic diagram of the hot-wire
sensor output voltage v with respect to the crank shaft
rotational angle;

FIG. 2 is a schematic diagram of the control device

for the whole of the engine system;
FI1G. 3 is a diagram for explaining the ignition device

in FIG. 2;

FIG. 4 is a diagram for explaining the exhaust gas
recirculation system (EGR);

FIG. 5 is a block diagram generally illustrating the
engine control system;

FIG. 6 is a block diagram 1llustrating the basic con-
struction of the program system for the engine control
process according to the present invention;

FIG. 7 is a diagram showing a table of task control
blocks provided in RAM controlled by a task dis-
patcher;

FIG. 8 is a diagram showing a start address table for
the tasks actuatable by various interruptions;

FIGS. 9 and 10 are flowcharts for the processes of the
task dispatcher;

FI1G. 11 1s a flowchart for executing a macro process-
Ing program;

FIG. 12 is a diagram showing an example of task
priority control;

FIG. 13 is a diagram showing the transition of state of
the task in the above-mentioned task priority control;

FI1G. 14 is a particular flowchart in FIG. 6;

FIG. 15 1s a diagram showing the timing for taking-in
the hot-wire output voltage;

FIG. 16(A)-(C) is a diagram showing the relation
between the suction air flow rate and the injection tim-
ing 1n the fuel injection system to which the present
invention 1s applied;

F1G. 17 1s a tlowchart for processing the taking-in of 40
an output signal of a hot wire type flow rate sensor and
the timing of the fuel injection;

FIG. 18 is a diagram showing the alteration of an air
flow rate reference value with respect to the tempera-
ture of engine cooling water;

FI1G. 19 1s a flow chart of processing in rapid acceler-
ation/deceleration;

FIG. 20 1s a diagram showing a soft timer table pro-
vided 1in RAM:

FIG. 21 1s a flowchart for executing the processing of 50
interval (INTV) interruption;

FIG. 22 1s a time chart showing various states of
start/stoppage of various tasks effected in accordance
with the engine state;

FIG. 23 1s a block diagram of the interruption request 55
(IRQ) generating circuit;

FIG. 24 1s a diagram showing the ISC open duty
factor;

FIG. 25 1s a diagram showing the characteristic of the
number of engine revolutions;

FIG. 26 1s a diagram showing the characteristic of
duty factor with respect to engine cooling water tem-
perature in the starting operation and the running oper-
ation;

FIG. 27 1s a tflowchart for processing the ISC duty; 65

FiG. 28(A)-(H) is a time chart of the idling switch
and the 1SC;

FI1G. 29 15 a time chart of processing;
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FIG. 30(A)-(F) is a time chart from OFF to ON of
the idling switch;

FIG. 31(A)-(D) is a time chart of the number of
engine revolution and the ISC duty factor when the
engine brake 1s actuated; .

FIG. 32(A) is a time chart of the reduction in the
number of engine revolutions;

FIG. 32(B) 1s a time chart of the ISC duty factor;

FIG. 33 is a flowchart of the ISC duty factor control

in the loaded state;
FIG. 34(A)-(D) is a time chart of the number of

engine revolutions and the ISC duty factor; and

FIG. 35 is a flowchart of the ISC duty factor control.

Referring to the drawings, preferred embodiments of
the present invention will be described hereunder.

As shown in FIG. 2, suction air is supplied to a cylin-
der 8 through an air cleaner 2, a throttle chamber 4, and
a suction pipe 6. A gas combusted in the cylinder 8 1s
discharged from the cylinder 8 to the atmosphere
through an exhaust pipe 10. A fuel injector 12 1s pro-
vided in the throttle chamber 4, with the fuel injected
from the fuel injector 12 being atomized in an air path of
the throttle chamber 4 and mixed with the suction air to
form a fuel-air mixture which, in turn, is supplied to a
combustion chamber of the cylinder 8 through the suc-
tion pipe 6 when a suction valve 20 is opened.

Throttle valves 14, 16 are provided in the vicinity of
the output of the fuel injector 12, with the throttle valve
14 being arranged so as to be mechanically interlocked
with an accelerator pedal (not shown) operated by the
driver of the motor vehicle. The throttle valve 16 1s
driven by a diaphragm 18 such that i1t reaches a fully
closed state in a range where the air flow rate 1s small,
and as the air flow rate increases the negative pressure
applied to the diaphragm 18 also increases so that the
throttle valve 16 begins to open, thereby suppressing
the increase of suction resistance.

An air path 22 is provided at the upper stream of the
throttle valves 14 and 16 of the throttle chamber 4 and
an electrical heater 24, constituting a thermal air flow
rate meter, 1s disposed in the air path 22 so as to derive
from the heater 24 and electric signal which changes in
accordance with the air flow velocity which 1s deter-
mined by the relationship between the air flow velocity
and the amount of heat transmission of the heater 24. By
disposing the heater 24 1n the air path 22, the heater 24
1s protected from the high temperature gas generated in
the period of back fire of the cylinder 8 as well as from
the pollution by dust or the like in the suction air. The
outlet of the air path 22 is opened in the vicinity of the
narrowest portion of the venturi and the inlet of the
same is opened at the upper stream of the venturi.

Throttle opening sensors (not shown in FIG. 2 but
generally represented by a throttle opening sensor 116
in FIG. 5) are respectively provided in the throttle
valves 14 and 16 for detecting the opening thereof and
the detection signals from these throttle opening sen-
sors, that 1s the sensor 116, are taken into a multiplexer
120 of a first analog-to-digital converter as shown In
FIG. 3.

The fuel to be supplied to the fuel injector 12 is first
supplied to a fuel pressure regulator 38 from a fuel tank
30 through a fuel pump 32, a fuel damper 34, and a filter
36. Pressurized fuel i1s supplied from the fuel pressure
regulator 38 to the fuel injector 12 through a pipe 40
and 1s returned from the fuel pressure regulator 38 to
the fuel tank 30 through a return pipe 42 so as to main-
tain constant the difference between the pressure in the
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suction pipe 6 into which fuel is injected from the injec-
tor 12 and the pressure of the fuel supplied to the injec-
tor 12.

The fuel-air mixture sucked through the suction
valve 20 is compressed by a piston 50, combusted by a
spark produced by an ignition plug 52, and the combus-
tion is converted into kinetic energy. The cylinder 8 1s
cooled by cooling water 54, the temperature of the
cooling water is measured by a water temperature sen-
sor 56, and the measured value is utilized as an engine
temperature. A high voltage is applied from an ignition
coil 58 to the ignition plug 52 in accordance with the
ignition tining.

A crank angle sensor (not shown) for producing a
reference angle signal at a regular interval, of predeter-
mined crank angles of, for example, 180 degrees, and a
position signal at a regular interval of a predetermined
unit crank angle of, for example, 0.5 degrees in accor-
dance with the rotation of engine, 1s provided on a
crank shaft (not shown).

The output of the crank angle sensor, the output S6A
of the water temperature sensor 56, and the electrical
signal from the heater 24 are inputted into a control
circuit 64 constituted by a microcomputer or the hike so
that the fuel injector 12 and the ignition coil 38 are
driven by the output of this control circuit 64.

In the engine system controlled by the arrangement
as described above, a bypass 26 bypassing the throttle
valve 16 to communicate with the suction pipe 6 1s
provided and a bypass valve 62 is provided i the by-
pass 26. A control signal is inputted to a drive section of
the bypass valve 62 from the control circuit 64 to con-
trol the opening of the bypass valve 62.

That is, the opening of the bypass valve 62 1s con-
trolled by a pulse current such that the cross-sectional
area of the bypass 26 is changed by the amount of lift of
valve which, in turn, is controlled by a drive system
driven by the output of the control circuit 64. That 1s,
the control circuit 64 produces an open/close period
signal for controlling the drive system so that the drive
system responds to this open/close period signal to
apply a control signal for controlling the amount of lift
of the bypass valve 62 to the drive section of the bypass
valve 62.

As shown in FIG. 3, a pulse current is supplied to a
power transistor 72 through an amplifier 68 to energize
this transistor 72 so that a primary coil puise current
flows into an ignition coil 58 from a battery 66. At the
trailing edge of this pulse current, the transistor 74 1S
turned off so as to generate a high voltage at the second-
ary coil of the ignition coil 38.

This high voltage is distributed through a distributor
70 to ignition plugs 52 provided at the respective cyhn-
ders in the engine, in synchronism with the rotation of
the engine.

In FIG. 4, a predetermined negative pressure of a
negative pressure source 80 is applied to an EGR con-
trol valve 86 through a pressure control valve 84. The
pressure control valve 84 controls the ratio with which
the predetermined negative pressure of the negative
pressure source is released to the atomosphere 88, in
response to the ON duty factor of the repetitive pulse
applied to a transistor 90, so as to control the state of
application of the negative pressure pulse to the EGR
control valve 86. Accordingly, the negative pressure
applied to the EGR control valve 86 is determined by
the ON duty factor of the transistor 90 per se. The
amount of EGR from the exhaust pipe 10 to the suction
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pipe 6 is controlled by the controlled negative pressure
of the pressure control valve 84.

As shown in FIG. 5, the control system includes a
central processing unit (hereinafter abbreviated as
CPU) 102, a read only memory (hereinafter abbreviated
as 2 ROM) 104, a random access memory (hereinafter
abbreviated as RAM) 106, and an input/output (herein-
after abbreviated as I/0) circuit 108. The CPU 102
operates input data from the I/O circuit 108 in accor-
dance with various programs stored in the ROM 104
and returns the result of operation to the 1/0 circuit
108. Temporary data storage necessary for such an
operation is performed by using the RAM 106. Ex-
change of various data among the CPU 102, the ROM
104, the RAM 106, and the I/O circuit 108 is performed
through a bus line 110 constituted by a data bus, a con-
trol bus, and an address bus.

The 1/0 circuit 108 includes input means such as the
above-mentioned first analog-to-digital converter (here-
inafter abbreviated as ADC1), a second analog-to-digi-
tal converter (hereinafter abbreviated as (ADC2), an
angular signal processing circuit 126, and a discrete I/0
circuit (hereinafter abbreviated as DIO) for inputting-
/outputting one bit information.

In the ADCI1, the respective output signals of a bat-
tery voltage sensor (hereinafter abbreviated as VBS)
132, the above-mentioned cooling water temperature
sensor (hereinafter abbreviated as TWS) 56, an atmo-
sphere temperature sensor (hereinafter abbreviated as
TAS) 112, a regulation voltage generator (hereinafter
abbreviated as VRS) 114, the above-mentioned throttle
opening sensor (hereinafter referred to as 6THS) 116,
and a A sensor (hereinafter abbreviated as AS) 118 are
applied to the above-mentioned multiplexer 120 (herein-
after abbreviated as MPX) 120 which selects one of the
respective input signals and inputs the selected signal to
an analog-to-digital converter circuit (hereinafter ab-
breviated as ADC) 122. The digital value of the output
of the ADC 122 is stored in a register (hereinafter ab-
breviated as REG) 124.

An output signal of an air flow rate sensor (hereinat-
ter abbreviated as AFS) 24 is inputted to the ADC2 1n
which the signal is A/D converted in an ADC 128 and
set in a REG 130.

An angle sensor (hereinafter abbreviated as ANGS)
146 produces a reference signal representing a reference
crank angle (hereinafter abbreviated as REF), for exam-
ple as a signal generated at an interval of 180 degrees of
crank angle, and a position signal representing a small
crank angle (hereinafter abbreviated as POS), of, for
example one degree. The REF and POS are applied to
the angular signal processing circuit 126 to be wave-
form-shaped therein.

The respective output signals of an idle switch 148
(hereinafter abbreviated as IDLE-SW) 148, a top gear
switch (hereinafter abbreviated as TOP-SW) 130, and a
starter switch 152 (hereinafter abbreviated as START-
SW) are inputted into the DIO.

Next, a circuit for outputting pulses in accordance
with the result of operation of the CPU 102 and an
object to be controlled will be described hereunder. An
injector circuit (hereinafter abbreviated as INJC) 134 is
provided for converting the digital value of the result of
operation into a pulse output. Accordingly, a pulse
having a pulse width corresponding to the amount of
fuel injection is generated in the INJC 134 and applied
to the fuel injector 12 through an AND gate 136.
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An ignition pulse generating circuit (hereinafter ab-
breviated as IGNC) 138 includes a register (hereinafter
referred to as ADV) for setting ignition timing and
another register (hereinafter referred to as DWL) for
setting initiating timing of the primary current conduc-
tion of the ignition coil 58 and these data are set by the
CPU 102. The ignition pulse generating circuit 138

produces a pulse on the basis of the thus set data and
supplies this pulse through an AND gate 140 to the

amplifier 68 described in detail with respect to FIG. 3.
~ The rate of opening of the bypass valve 62 is con-
trolled by a pulse supplied thereto by a control circuit
(hereinafter referred to as ISCC) 142 through an AND
gate 144. The ISCC 142 has a register ISCD for setting
a pulse width and another register ISCP for setting a
repetitive pulse period.

An EGR amount controlling pulse generating circuit
{(hereinafter abbreviated as EGRC) 180 for controlling
the transistor 90, which controls the EGR control valve
86 as shown mn FIG. 4, has a register EGRD for setting
a value representing the duty factor of the pulse and
another register EGRP for setting a value representing
the repetitive period of the pulse. The output pulse of
the EGRC 154 1s applied to the transistor 90 through an
AND gate 156.

The one-bit 1/0 signals are controlled by the circuit
DIO. The 1/0 signals include the respective output
signals of the IDLE-SW 148, the TOP-SW 130 and the
START-SW 152 as input signals, and include a pulse
signal for controlling the fuel pump 32 as an output
signal. The DIO includes a register DDR for determin-
ing whether a terminal be used as a data inputting one or
a data outputting one, and another register DOUT for
latching the output data.

A register (hereinafter referred to as MOD) 160 is
provided for holding commands instructing various
internal states of the 1/0 circuit 108 and arranged such
that, for example, all the AND gates 136, 140, 144, and
156 are turned on/off by setting a command into the
NOD 160. The stoppage/start of the respective outputs
of the INJC 134, IGNC 138, and ISCC 142 can be thus
controlled by setting a command into the MOD 160.

In FIG. 6, an 1nitial processing program 202, an inter-
ruption processing program 206, a macro processing
program 228, and a task dispatcher 208 are programs for
controlling various tasks. The initial processing pro-
gram 202 1s for executing preprocessing for causing a
microcomputer to operate. According to the initial
processing program 202, for example, the contents of
storage of the RAM 106 is cleared, the initial values of
registers in"the I/O interface circuit 108 are set, and
processing for taking-in data, such as the cooling water
temperature Tw, the battery voltage, for performing
the preprocessing necessary for performing the engine
control 1s executed. The interruption processing pro-
gram 206 receives various interruptions, analyzes the
factors of the interruptions, and produces a request for
causing a desired one of tasks 210 to 226 to the task
dispatcher 208. The interruption factors include an
A/D conversion interruption (ADC) generated upon
the completion of A/D conversion of the input data
such as the power source voltage, the cooling water
temperature as described later, an initial interruption
(INTL) generated in synchronism with the engine revo-
lution, an interval interruption (INTV) generated at a
predetermined interval of time, for example every ten
msec, an engine stoppage interruption (ENST) gener-
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8
ated upon the detection of the engine stoppage, or the
like.

Task numbers representing priority are allotted to the
tasks 210 to 226, and the respective tasks belong to any
one of the task levels “0”, **1”’, and *“2”’. That 1s, the task
Nos. 0 to 2 belong to the task level *“0”, the task Nos. 3
to 5 belong to the task level 1, and the task Nos. 6 to

& belong to the task level “2”.
Upon the reception of the activation requests by the

above-mentioned various interruptions, the task dis-
patcher 208 responds to the activation requests to allot
occupation time onto the CPU 102 to the respective
tasks in accordance with the priority rank attached to
the respective tasks corresponding to the activation
requests.

The task priority control by the task dispatcher 208 is
performed by the following method: |

(1) The task of low priority rank 1s interrupted and
the displacement of the right of execution to the task of
higher priority rank s effected between different task
levels. It is assumed here that the task belonging to the
level “0” has the highest priority rank;

(2) In the case there is a task which is executing or
being interrupted at present in the same task level, the
task has the highest priority rank and other tasks can not
be operated before the task has been completed; and

(3) In the case there are activation requests for a
plurality of tasks in the same task levels, a task having a
smaller task number has a higher priority rank. In order
to perform the above-mentioned priority control, ac-
cording to the present invention, a soft timer is provided
in the RAM 106 for each task and control blocks for
controlling tasks are set in the RAM for each task level,
while the contents of processing of the task dispatcher
208 will be described later. Every time each of the tasks
has been executed, the task dispatcher 208 is informed
of the completion of execution of the task by the macro
processing program 228.

FIG. 7 shows task blocks of the same number as that
of the task levels, that 1s three in this embodiment since
there are three task levels *“0” to “2”, are provided in
the RAM controlled by the dispatcher 208. Eight bits
are allotted to each control block. Three of the eight
bits, that is O-th to 2nd bits (Qp~Q3), are the activation
bits for performing activation request task indication
and the 7-th bit (R) is used for execution bit for indicat-
ing whether any one of the same task level 1s being
executed or being interrupted. The activation bits

Qo—-Qzare arranged in the order of decreasing the prior-

ity rank. For example, the activation bit corresponding
to the task No. 4 in FIG. 6 is Qg in the task level “1”,
When a task activation request is issued, a flag “1” is set
to any one of the activation bits, and at the same time
the task dispatcher 208 searches for the issued activation
request in the activation bits in the order from the acti-
vation bit corresponding to the task of higher level so
that the flag corresponding to the issued activation
request 1s reset and flag ““1” is set to the execution bit to
thereby execute the processing for activating the task
corresponding thereto.

FIG. 8 shows an activation address table provided in
the RAM 106 controlled by the task dispatcher 208.
SA0 to SAS8 represent the activation addresses corre-
spond to the task Nos. 0 to 8 of the tasks 210 to 226 as
shown in FIG. 6. Sixteen bits are allotted to each activa-
tion address information which is used for the task dis-
patcher 208, as described later, to activate the task cor-

responding to the issued activation request.
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Upon the initiation of the processing by the task dis-
patcher 208 in a step 300 in FIG. 9, judgement 1s made
as to whether the tasks belonging to the task level 1 are
being executed or interrupted in a step 302. That is, if

10

task is stopped, the processing comes to a step 414 in
which the R-bit of the specific task level 1 is reset. Then,
the processing comes back to the step 302 in which
judgement is made as to whether the task level ] 1s being

flag “1” is detected in the execution bit, the flag “17 5 interrupted or not. This is because there may be a case

‘indicates the state that the macro processing program
228 does not yet issue the task completion information
to the task dispatcher 208 and the task which had been
executed is being interrupted because interruption of
higher priority rank has been generated. Accordingly, if
flag ““1” is detected in the execution bit, the processing
is jumped to a step 314 in which the interrupted task i1s
reactivated.

In the case no flag “1” is detected in the execution bit,
on the contrary, that is when the execution indication
flag is reset, the processing is shifted to the step 304 in
which judgement is made as to whether there is any task
waiting for activation in the level 1. That is, the activa-
tion bits in the level 1 are searched for in the order of
decreasing the priority rank of the tasks corresponding
to the activation bits, that is in the order of Qg, Q1 and
Q.. If no flag “1 ” is detected in any one of the activa-
tion bits belonging to the level 1, the processing comes
to a step 306 in which the task level is altered. That 1s,
the task level 1 is incremented by 41 so as to be 14-1.
Upon the alteration of the task level in the step 306, the
processing comes to a step 308 in which judgement 1S
made as to whether all the task levels have been
checked. In the case where all the task levels have been
not yet checked, that is, when 1=2 in this embodiment,
the processing comes back to the step 302 and the
above-mentioned processing is repeated. In the case
where the result of judgement proves that all the task
levels have been checked in the step 308, the processing
comes to a step 310 in which inhibit to interruption is
released because interruption has been inhibited during
the processing in the steps 302 to 308. Thereafter, in the
next step 312, next issued interruption is awaited.

If there is a task waiting for activation in the level I in
the step 304, that is if flag “1” is detected in one of the
activation bits belonging to the task level 1, the process-
ing comes to a step 400. In the loop constituted by the
step 400 and the next step 402, search 1s made as to
which one of the activation bits in which one of the task
levels is provided with flag ‘17, in the order of decreas-
ing the priority rank of the task levels, that 1s in the
order of Qg, Q1, and Q2. When the activation bit pro-
vided with flag “1” is detected, the processing comes to
a step 404 in which the activation bit provided with flag
“1” is reset and flag “1” is set to the execution bit (here-
inafter referred to R) of the same task level. In a step
406, the number of the activated task is detected, and 1n
a step 408, the activation address information as to the
activated task is derived in accordance with the activa-
tion address table provided in the RAM as shown in
FIG. 8.

In a step 410, judgement is made as to whether the
activated task be executed or not. In this case, the neces-
sity of the execution is judged on the basis of the value
of the activation address information. That 1s, when the
activation address information has a specific value, for
example “0”, the judgement is such that the execution 1s
not necessary. It is necessary to provide this judgement
step in order to cause a motor vehicle to have a function
of performing only a specific one of the task functions
for performing engine control selected depending on
the kind of the motor vehicle. When judgement 1s made
in the step 410 such that the execution of the specific
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where a plurality of activation bits are provided with
flag “1”,

In the case where the execution of the specific task i1s
not inhibited, that 1s when the specific task be executed,
the processing comes to a step 412 in which jump 1s
made to the specific task so as to execute the task.

As shown in FIG. 11, the macro processing program
228 is constituted by steps 562 and 564 wherein the task
levels are searched in the order of increasing the task
level, that is in the order from the level “0” so as to find
completed task level or levels. Then the processing
comes to a step 568 in which the execution (RUN) flag
provided in the 7th bit in the task control block of the
completed task is reset. Thus, the execution of the task
has been completed. Then, the processing comes back
to the task dispatcher 208 in which the next execution
task 1s determined.

Referring to FIG. 12, the execution and interruption
of task will be explained as to the case where the task
priority control is performed by the task dispatcher 208.
Assume that in the activation request N, m represents
the task level and n represents the rank of priority in the
task level m, and that the CPU is executing the control
program OS. Then, when an activation request Naj 18
generated in executing this control program OS, the
execution of the task corresponding to the activation
request N»j, that is, the execution of the task No. 6, 1s
initiated at the time Tj. If another activation request
N for the task having a higher execution priority rank
is issued at the time T3 in executing the task No. 6, the
execution is shifted to the control program OS and after
predetermined processing has been performed as al-
ready described, the execution of the task correspond-
ing to the activation request Npj, that is, the execution
of the task No. 0, is initiated at the time T3. When a
further activation request Ny is issued at the Time T41n
executing the task No. 0, the execution is once shifted to
the control program OS and after a predetermined pro-
cessing has been executed, the execution of the task No.
0 which has been so far interrupted is restarted at the
time Ts. When the execution of the task No. 0 1s com-
pleted at the time Tg, the execution is shifted again to
the control program OS, the completion of execution of
the task No. 0 is reported by the macro processing pro-
gram 228 to the task dispatcher 208, and then the execu-
tion of the task No. 3 which corresponds to the activa-
tion request N1j and which has been so far waiting for
reactivation is initiated at the time T7. When an activa-
tion request Nj» having a lower priority rank in the
same task level “1” is issued at the time Tgin executing
the task No. 3, the execution of the task No. 3 1s once
interrupted, the execution is once shifted to the control
program OS, and after a predetermined processing has
been performed, the execution of the task No. 3 1s re-
started at the time Tg. Upon the completion of the exe-
cution of the task No. 3 at the time T1g, the execution of
the CPU is shifted to the control program OS, the com-
pletion of execution of the task No. 3 is reported by the
macro program 228 to the task dispatcher 208, the exe-
cution of the task No. 4 corresponding to the activation
request N1z of lower priority rank is initiated at the time
T1, the execution is shifted to the control program OS
upon the completion of execution of the task No. 4 at
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the time Tiy, and after a predetermined processing has
been performed the execution of the task No. 6 which
corresponds to the activation request N1 and which has
been so far interrupted is restarted at the time T3.

The task priority control 1s performed in the manner
as described above.

The state of transition in the task priority control is
Hlustrated in FIG. 13 “Idle” represents the state in
which activation is awaited and no task activation re-
quest has been issued. Then, if an activation request is
issued, flag “1” is set to the acttvation bit of the task
control block so as to indicate the necessity of activa-
tion. The time required for shifting from the state “Idle”
to the state “Queue” 1s determined by the level of the
respective task. In the state “Queue”, the order of exe-
cution is determined on the basis of the rank of priority.
The specific task is brought into the state of execution
after the flag of the activation bit of the task control
block has been reset by the task dispatcher 208 in accor-
dance with the control program OS and a flag *“1” has
been set to the R-bit (7th bit). Thus, the execution of
task is initiated. This is the state “Run”. Upon the com-
pletion of execution, the flag of the R-bit of the task
control block is cleared and the completion report is
terminated. Thus, the state “Run” ends and the state
“Idle” 1s recovered to wait for the issuance of the next
activation request. If an interruption request IRQ is
generated in executing a task, that is, in the state “Run”,
the execution of the task has to be interrupted. For this,
the contents of the CPU is shunted and the execution is
interrupted. This state is “Ready”. Next, when the state
in which the task is to be executed is recovered, the
shunted contents is returned back to the CPU and exe-
cution 1s restarted. That is, the state “Run” is recovered
from the state “Ready”. Thus, the respective level pro-
gram repeates the four states of FIG. 13. FIG. 13 shows
a typical flow. However, there may be a case where a
flag *“1” is set to the activation bit of the task control
block in the state “*Ready”. This 1s the case, for example,
in the state of interruption of activation of a task, the
next activation request timing of the task is reached. In
this case the flag in the R-bit takes preference and the
task which is being interrupted is terminated. Thus, the
flag in the R-bit is cleared and the state becomes
“Queue” bypassing the state “Idle” due to the flag in the
activation bit. Thus, each of the tasks Nos. 0 to 7 is in
any one of the four states of FIG. 13.

In FIG. 14, a control program OS includes an initial
processing program 202, an interruption processing
program 206, a task dispatcher 208, and a macro pro-
cessing program 228.

The interruption program 206 includes various kinds
of interruption processing programs in which an initial
interruption processing (hereinafter referred to as an
INTL interruption processing) 602 generates initial
interruptions in the number of half the number of the
engine cylinders per revolution, for example, twice per
revolution in the case of four cylinders, due to an initial
interruption signal generated in synchronism with the
engine revolution. The date indicative of the fuel injec-
tion timing computed by an EGI task 612 in response to
the above-mentioned INTL interruption is set in a regis-
ter INJD in the INJC 134 included in the 1/0 interface
circuit 108 (FIG. §). An A/D conversion interruption
processing 604 includes two kinds of interruption, that
15, an ADC1 (FIG. 5) interruption and an ADC2 (FIG.
S5) mterruption. The ADC1 (FIG. 5) has the accuracy of
8 bits, and is used for inputting data such as the battery
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voltage, the cooling water temperature, the suction air
temperature, the regulated voltage, etc., applied
thereto. The ADCI1 starts the A/D conversion as soon
as the input point to the MPX 120 (FIG. 5) is assigned,
and issues the ADCI1 interruption upon the completion
of the A/D conversion. The ADCI1 interruption is used
only before cranking. The ADC 128 in the ADC2
(FIG. 5) is used for inputting the data indicative of the
air flow rate and generates the ADC2 interruption im-
mediately after the A/D conversion. The ADC2 inter-
ruption 15 also used only before cranking.

In an interval (hereinafter abbreviated as INTV)
interruption processing program 606, an INTV inter-
ruption signal is generated at a time interval of a prede-
termined time of, for example, ten msec set in an INTV
register (not shown) and is used as a basic signal for
monitoring the activating timing of tasks to be activated
at a predetermined interval of time. This INTV inter-
ruption signal updates the soft timer thereby activating
the mask now ready to be activated. In an engine stop-
page task (hereinafter referred to as an ENST task)
interruption processing program 608 is for detecting
state of ENST and starts counting in response to the
detection of an INTL interruption signal so as to issue
an ENST interruption when no INTL interruption
signal can not be detected within a predetermined per-
iod of time of, for example, one sec. When the ENST
interruption 1s issued three times, that is, when no INTL
Interruption can be detected within a period of time of,
for example, three sec, the engine is judged as having
stopped, and energization of the ignition coil 58 and
operation of the fuel pump 32 are stopped. After execu-
tion of these processing steps, the microcomputer stands
by until the START-SW 152 is turned on. Table 1
shows the outline of processing executed in response to
the interruption signals described above.

TABLE 1

Interrupt QOutline of processing

INTL Ignition timing 15 set in INJD in INJC 134,

ADCI Task ADINTI is activated.

ADC2 Air flow-rate signal processing task AC is
activated.

INTV Activating timings of tasks ADIN2, EGI,
MONIT, ADIN!, AFSIA and ISC to be activated
at predetermined periods are checked to
activate the task now ready to be activated.

ENST ENST interrupt processing is executed to

initialize the system.

As to the INTL processing program 202 and the
macro processing program 228, the processing steps are
performed in the manner as described above.

The following tasks are activated in response to the
various Interruptions as described above. Tasks belong-
Ing to the task level *“0” include a fuel cutting process-
ing task (hereinafter referred to as an AC task), a fuel
Injection control task (hereinafter referred to as an EGI
task), and a starting timing monitoring task (hereinafter
referred to as an MONIT task). Tasks belonging to the
task level “1” include an AD1 input task (hereinafter
referred to as an ADIN1 task) and a time coefficient
processing task (hereinafter referred to as an AFCIA
task). Tasks belonging to the task level “2” include an
idling rotation control task (hereinafter referred to as an
ISC task), a compensation computation task (hereinaf-
ter referred to as an HOSEI task), and a pre-starting

processing task (hereinafter referred to as an INSTRT
task). |
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Table 2 shows the allocation of the task levels and the
functions of the individual tasks. |

TABLE 2
Activa-
Lev- Task tion
el Program No. Function pertod
0 OS5 INTL Engine-rotation- At
interruption contro! LEAST
5 msec
1 Other OS processing
0 AC 0 Fuel Cutting 10 msec
EGI 1 Adjustment of integra- 20 msec
tion flow-rate
reference level
MONIT 3 Monitoring of START-SW 40 msec
| (OFF), control of fuel
injection time in
starting stage, start-
stop of soft timers
1 ADINI 4 Correction and filter- 50 msec
ing of inputs to
ADC 122
AFSIA 6 Control of after- 120 msec
starting, after-
idling and after-
acceleration time
factors
2 ISC 8 Idling rotation speed 160 msec
control
HOSEI 9 Compensation factor 300 msec
. computation
ISTRT 11 Computation of EGI 30 msec

initial value, monitor-

ing of START-SW (ON),
start-stop of soft

timers, starting of

fuel pump, starting of
I/0 LSI

As will be apparent from Table 2, the activation peri-
ods of the individual tasks activated in response to the
various interruptions are previously determined, and
this information is stored in the ROM 104.

Discription will now be directed as to the processing
of the output signal from the hot-wire type flow rate
sensor and the fuel injection control. FIG. 15 shows the
manner of processing of the output signal from the
hot-wire type flow rate sensor employed in the present
invention. The instantaneous air flow rate q4 can be
computed from the hot-wire sensor output voltage v
from the equation (5). Since the instantaneous air flow
rate q4 is an instantaneous value in the pulsating state as
shown in FIG. 15, it is sampled at a predetermined time
interval At. The mean air flow rate Q4 can be computed
from the respective sampled values of the instantaneous

air flow rate Q4 according to the following equation:
n (8)
A . A A 2 GAn
G- BAl+ g AT 4+ Gan - AL g
94 = Y - n

Thus, the air flow rate drawn into the cylinder can be
obtained as

n
2 4n
n=1

from the equation (8). Thus, the integrated air flow rate
can be obtained by the above-mentioned signal process-
ing.

According to the present invention, the fuel injection
may be performed in such a manner that the amount of
fuel injected per revolution of the engine 1s computed
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on the basis of the equation (7), to thereby perform fuel
injection once per one suction stroke in each cylinder,
for example, once every 180° rotation of the crank in
the case of engine provided with 4 cylinders. Alterna-
tively, the fuel injection may be performed when the
integrated air flow rate actual value attains a given
level. Although an embodiment in which the present
invention is applied to the latter fuel injection system,
the present invention can be applied to the former one.
FIG. 16 shows the timing of fuel injection according
to the above-mentioned latter fuel injection system. The
instantaneous air flow rate g4 is integrated for a prede-
termined period of time, and, when the integrated air
flow rate actual value attains or exceeds an integrated
air flow rate reference level Qy, fuel is injected for a
predetermined period of time t as seen in FIG. 16. That
1s, fuel 1s injected at the timing at which the integrated
instantaneous air flow rate actual value has attained the
integrated air flow rate reference level Q. In FIG. 16,
there are shown three integrated air flow rate reference
levels Qn, Qpand Q3. When the integrated air flow rate
reference level is shifted from Qp to Qp, the fuel-air
mixture becomes richer, while when it is shifted from
Q> to Q3, the fuel-air mixture becomes leaner. Accord-
ing to this system, the integrated air flow rate reference
value Qy is suitably shifted so as to adjust the air-fuel
ratio (A/F) as described. A rich fuel-air mixture 1s re-
quired during warming-up in the engine starting stage,
and this can be achieved by reducing the integrated air
flow rate reference level Q. For the optimized control
of the air-fuel ratio, the integrated air flow rate refer-
ence level Q;can be suitably adjusted by the ON-OFF
of the output from an Oz sensor (not shown).
Referring to FIG. 17, judgement is made in a step 801
as to whether the interruption is an INTL interruption
or not. When the result of judgement in the step 301
proves that the interruption is an INTL one, the ADV
REG in IGNC 138 is set so as to complete the INTL
interruption processing program. When the result of
judgement in the step 801 proves, on the contrary, that
the interruption is not the INTL one, judgement 1s
made in a step 805 as to whether the interruption is the
Q4 timer interruption or not. When the result of judge-
ment in the step 801 proves that the interruption 1s a Q4
timer interruption, activation is made for taking-in the
output of the hot-wire type flow rate sensor in a step
806, and taking-in of the output of the hot-wire type
flow rate sensor is performed in a step 807. The instanta-
neous air flow rate q4 as shown in the equation (35) 1s
computed in a step 808 and the integration processing 1s
performed in a step 809. Judgement 1s made in a step 810
as to whether the integrated value of instantaneous air
flow rate has reached the integrated air flow rate refer-
ence level. When the result of judgement in the step 810
proves that the integrated air flow rate reference level
has been reached, a period of time of fuel injection t
corresponding to the integrated air flow rate reference
level is set in a step 811 into the INJD REG of INJC
134 (FIG. 5), and basic injection pulse is produced in a
step 812 from the INJD REG of INJC 134 to the injec-
tor 12 through the AND gate 136 to initiate the injec-
tion with the basic fuel amount Tp. At this time, the
width of the basic injection pulse is determined by the
period of time t for injection, and the amount of basic
fuel injection Tp is determined by the integrated arr
flow rate reference level. In a step 813, the difference
between the integrated air flow rate actual value and
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the integrated air flow rate reference level 1s computed
to regard it as the present integrated air flow rate. When
the result of judgement in the step 8035 proves that the
interruption is not a Q4 timer interruption, judgement 1§
made In a step 8§15 as to whether the interruption 1s an
ADC interruption or not. When the result of judgement
in the step 815 proves that 1t 1s an ADC one, judgement
is made in a step 816 as to whether or not the IST flag
is in the state “1”. When the result of judgement in the
step 816 1s “YES”, the hot-wire type flow rate sensor is
activated and the output of the same 1s taken-in in a step
817. The thus taken-in value of the air flow rate is used
for detection of the engine start due to rotation torque
of wheels. When the result of judgement in the step 815
proves that the interruption is not an ADC one, as well
as when the result of judgement in the step 816 1s “NO”,
the processing 1s shifted to the INTV interruption pro-
cessing 606 in FIG. 14,

FIG. 18 shows the relation between the temperature
TW of engine cooling water sensed by the cooling
water temperature sensor 56 and the air flow rate refer-
ence level. That is, FIG. 18 shows how the reference
level is varied relative to the output signal of the water
temperature sensor 56. The temperature range of from
—40° C. to 40° C. corresponds to the warming-up level
in which the engine 1s started from its cold state. The
temperature range from 40° C. to 85" C. corresponds to
the normal starting level, and the temperature range
higher than 85° C. corresponds to the hot re-starting
level. As soon as the engine key 1s turned on to start the
engine, the sensor output signal, indicative of the tem-
perature of the engine cooling water, 1s taken into to the
ADC1 so that the air amount reference level corre-
sponding to the sensed temperature can be set by com-
parison according to the relation shown in FIG. 18. The
INTST program 624 shown in FIG. 14 is executed for
the purpose.

‘The processing in rapid acceleration/deceleration in
engine running will be described by using the flowchart
as shown in FIG. 19. In the step 901, first, the hot-wire
output signal representing the air flow rate is integrated
for a predetermined period of time and the integrated
value is stored in the RAM. In the step 902, then, the
hot-wire output is integrated for the predetermined
period of time to obtain new integrated value of air flow
rate Qqwew) and the difference AQ4=Q4NEW)-
— Q4(oLp)between the new integrated value of air flow
rate Qq(nveEw) and the old integrated value of air flow
rate Q4(oLp) obtained in the step 901 i1s computed. In
the step 903, next, judgement is made as to whether the
difference value AQ4 obtained in the step 902 is larger
than a predetermined positive value or not, that is, as to
whether the state 1s rapid acceleration or not. If the
result of judgement proves that the state is rapid accel-
eration, the rapid acceleration injection period of time is
computed on the basis of the value AQ4, and in the step
904, then, judgement is made as to whether fuel is being

injected by the fuel injector 12 or not. If the result of

judgement in the step 903 proves, on the contrary, that
the state is not rapid acceleration, further judgement is
made 1n the step 905 as to whether the difference value
AQ,4 obtained in the step 902 is smaller than a predeter-
mined negative value or not, that is, as to whether the
state 1s rapid deceleration or not. In the result of judge-
ment in the step 904 proves that the fuel is being in-
jected, the acceleration injection period of time ob-
tained in the step 903 is added in the step 906 to the data
in the INJD register 134, that is, to the residual injection
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period of time and the fuel injection i1s continued. If the
result of judgement in the step 904 proves, on the con-
trary, that fuel injection is not being performed, the
acceleration injection period of time obtained in the step
903 1s set in the INJD register 134 in the step 907 and
fuel injection is initiated.

If the result of judgement proves that the state is not
rapid deceleration in the step 903, no processing is per-
formed, while if it proves that the state 1s rapid decelera-
tion, the injection pulse applied to the fuel injector 134
1s stopped to cut off the fuel injection.

Alternatively, in the steps 901 and 902, the rate of
change of the opening of the throttle valve for a prede-
termined period of time may be obtained to perform the
judgment as to whether the state is rapid acceleration or
rapid deceleration on the basis of the obtained rate of
change.

FIG. 20 shows a soft timer table which is provided in
the RAM 106 and which 1s provided with timer blocks
in the same number as that of different activation peri-
ods activated by various kinds of interruptions. The
term “timer block™ is defined as a storage area into
which time information with respect to the activation
period of the task stored in the ROM 104. In FIG. 20,
“TMB” described at the left end represents the head
address of the soft timer table in the RAM 106. Into
each of the timer blocks of the soft timer table, the time
information with respect to the above-mentioned acti-
vation period is stored from the ROM 104 in starting the
engine. That 1s, when the INTV iterruption 1s per-
formed, for example, at a regular period of time of ten
msec, a value which is integral multiples of ten msec
and which represents the respective activation period is
transferred and stored in the respective timer block.

In FIG. 21, if the program is activated at a step 626,
the soft timer table provided in the RAM 106 is initial-
ized in a step 628. That is, the contents 1 of the index
register is made O (zero) and the residual time T stored
in the timer block of the address TMB+-0 in the timer
table 1s checked. In this case T1=Ty. Next, judgement is
made in a step 630 as to whether the soft timer checked
in the step 628 is in the state of stoppage or not. That 1,
when the residual time T stored in the soft timer table
is O (zero), the judgement is concluded that the soft
timer 1s in the state of stoppage and that the correspond-
ing task to be activated by the specific soft timer 1s in the
state of stoppage, so that processing 15 jumped to a step
640 in which the soft timer table 1s renewed. That 1s, the
above-mentioned judgement is made on the basis of the
fact that when the task 1s stopped, the residual timer 1s
left it as it 1s without being initialized when it becomes
0 (zero).

In the case where the residual timer T340, the pro-
cessing is shifted to a step 632 in which the residual
timer in the time block 1s renewed. In particular, the
residual timer T ts decreased by 1 (one). Next, judge-
ment i1s made in a step 634 as to whether the soft timer
has reached the activation period or not. When the
residual timer T1=0, the judgement is concluded that
the activation period has been reached and the process-
ing 1s shifted to a step 636. If the judgement is con-
cluded that the soft timer has not reached the activation
period, on the contrary, the processing 1s jumped to the
step 640 1n which the soft timer table is renewed. When
the soft timer table has reached the activation period,
the residual time T of the soft timer table is initialized
in the step 636. That is, the timer information with re-
spect to the activation period of the specific task is
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transferred from the ROM 104 to the RAM 106. After
the residual timer T of the soft timer table has been
initialized in the step 636, an activation request for the
task corresponding to the soft timer table is issued 1n a
step 638. Then, the soft timer table is renewed in the
step 640. That is, the contents of the soft timer table 1S
incremented by 1 (one). Further judgement 1s made in a
step 642 as to whether all the soft timers have been
checked or not. That is, since (n+ 1) soft timer tables are
provided in this embodiment as seen in FIG. 21, the
judgement is concluded that all the soft timer tables
have checked when the contents i of the index register
is i=n-1 and the INTV interruption processing pro-
gram 606 is terminated in a step 644. When the judge-
ment is concluded in the step 642 that not all the soft
timer tables has been checked, on the contrary, the
processing is returned back to the step 630 so that the
above-mentioned processings are performed.

As described above, in accordance with various kinds
of interruptions activation requests for specific tasks
corresponding to the interruptions are issued and the
specific tasks are executed in response to the activation
requests. However, all the tasks listed up in Table 2 are
not always executed, but pieces of time information
with respect to actrivation periods of the respective
tasks provided in the ROM 104 are selected on the basis
of the running information as to the engine and the
selected time information is stored in the RAM 106.
Assuming that the activation period of a given task 1s,
for example twenty msec, the task is activated at the
regular period of time of twenty msec, and, if the activa-
tion of the task is necessary to be continuously effected
in accordance with the running condition of engine, the
soft timer table corresponding to the specific task 1s
always renewed so as to be initialized.

Next, the status in which the activation of tasks 1s
stopped due to various interruptions in accordance with
the running condition of the engine will be described by
referring to the time chart of FIG. 22. Upon the actua-
tion of the START-SW 152 (FIG. 5), the CPU 102 is
actuated and “1” is set to each of software flags IST and
EM. The software flag IST is provided for indicating
that the engine is in its pre-starting state and the soft-
ware flag EM is provided for the inhibition of ENST
interruption. In accordance with these two flags, judge-
ment is made as to whether the engine is in 1ts pre-start-
ing state, in its starting state, or in its post-starting state.
When the START-SW 152 is actuated to turn on
power, the task ADIN1 is first activated so that the
data, such as the cooling water temperature, the battery
voltage, necessary for the starting of the engme are
taken from the various sensors into the ADC 122
through the MPX 120, and every time all these data
have been successively inputted, the task HOSEI, that
is, the compensation task, is activated so that compensa-
tion is computed on the basis of the inputted data. Fur-
ther, every time all the data from the various sensors
have been successively inputted to the ADC 122 1in
accordance with the ADIN1, the task ISTRT is acti-
vated so that the fuel injection amount necessary 1n
starting of the engine is computed. The above-men-
tioned three tasks, that is, the task ADIN1, the task
HOSEI and the task ISTRT are activated in accordance
with the initial processing program 202.

Upon the turning ON of the START-SW 152, the
three tasks, that is, the task ADIN1, the task HOSEI

~ and the task ISTRT are activated by the interruption

signal of the task ISTRT. That is, these tasks have to be
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executed only in the period in which the START-SW
152 is in its ON state (in the period of cranking of the
engine). In this period, pieces of time information with
respect to the predetermined activation periods are
transferred from the ROM 104 to the soft timer tables
corresponding to the respective tasks provided in the
RAM 106. Further, in this period, the residual time T
in the respective soft timer table is initialized and the
setting of activation period is repeatedly performed.
Being provided for computing the fuel injection amount
in the starting of the engine, the task MONIT becomes
unnecessary after the engine starting, and, therefore,
after the task has been executed predetermined number
of times, the activation of the soft timer is stopped and
tasks necessary in the post-starting state of the engine
other than the task MONIT are activated in response to
a stoppage signal produced upon the termination of the
task MONIT. In order to perform the stoppage of the
task by the soft timer “0” is stored in the soft timer table
corresponding to the task in response to a signal indicat-
ing the termination of the task at the judgement point of
time at the end of the task. That is, the stoppage of task
is effected by clearing the contents of the soft timer
corresponding to the task. Thus arrangement is made
such that the stoppage of task activation can be simply
attained by the soft timer and therefore a plurality of
tasks having different activation periods from each
other can be controlled effectively and reliably.

As shown in FIG. 23 an INTV IRQ generating cir-
cuit includes a register 735, a counter 736, a comparator
737, and a flip-flop 738, and a period for generating
INTV IRQ, for example ten msec, 1s set into the register
735. A clock pulse is set into the counter 736, and when
the count of the counter 736 becomes coincident with
the contents of the register 735, the flip-fiop 738 1s set.
In this set state of the flip-flop 738, the counter 738 1s
cleared and the counting is restarted. Therefore, the
INTV IRQ is generated at a predetermined regular
interval of time (ten msec). An ENST IRQ generating
circuit for detecting engine stoppage is constituted by a
register 741, a counter 742, a comparator 743, and a
flip-flop 744. The register 741, the counter 742 and the
comparator 743 operate in the same manner as de-
scribed above in the INTV IRQ generating circuit so
that when the count of the counter 742 has reached the
contents of the register 741, an ENST IRQ 1s generated.
However, since the counter 742 is cleared by an REF
pulse generated by a crank angle sensor at a predeter-
mined interval of crank angles during the rotation of
engine, the count of the counter 742 can not reach the
contents of the register 741 so that no ENST IRQ 1s
generated.

An INTV IRQ generated by the flip-flop 738, an
ENST IRQ generated by the flip-flop 744, and IRQs
generated by the ADC1 and ADC2 are set into flip-
flops 740, 746, 764, and 768, respectively. A signal for
generating/inhibiting IRQ is set into each of flip-flops
739, 745, 762, and 766. If “H” is set in any one of the
flip-flops 739, 745, 762, and 766, corresponding one of
AND gates 748, 750, 770, and 772 is enabled so that an
IRQ is immediately generated through an OR gate 7531.
Thus, an IRQ can be inhibited from generation, or re-
leased from inhibition by setting “H” or “L” into the
respective flip-flops 739, 745, 762 and 766. The cause of
generation of IRQ is removed by taking the contents of
the flip-flops 740, 746, 764 and 768 into the CPU 102.

When the CPU 102 begins to execute a program in
response to an IRQ, it is necessary to delete the IRQ
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signal and, therefore, specific one of the flip-flops 740,
746, 764 and 768 concerned with the specific IRQ is
cleared.

Referring to FIGS. 24 to 27, a first embodiment of the
present invention will be described in detail, in which
the number of engine revolutions is stably controlled 1n
the process shifting from the state of starting by the
engine starter motor to the state of self cranking.

In an idling operation of the engine, particularly In
starting, the opening area of the by-pass is changed in
the process shifting from the state of starting by the
starter motor to the state of self cranking. That 1s, the
actuation duty factor of the by-pass valve 1s changed at
a boundary, that is, the number of revolutions required
for self cranking (usually, about 400 r.p.m.). That is, the
duty factor of the by-pass valve for open loop control,
i.e. the duty factor of the by-pass valve under the condi-
tion that the feedback control performed on the basis of
information with respect to the number of engine revo-
lutions i1s not effected, in starting 1s changed from that
after the completion of the starting operation. Before
self cranking, a considerable quantity of suction air is
required to cause the engine to start and, therefore, it 1s
necessary to supply a large quantity of air to the engine
through the by-pass because the throttle valve is in the
closed state at this time. Accordingly, in starting, it is
necessary enlarge the area of opening of the by-pass
than in self cranking. The duty factor of the by-pass
valve before self cranking 1s obtained from a map show-
ing various duty factors of the by-pass valve for obtain-
ing the necessary opening area of the by-pass which is
determined in accordance with the temperature of en-
gine cooling water. The duty factor in self cranking is
obtained, on the other hand, from a map showing vari-
ous duty factors for obtaining a somewhat narrower
opening arca of the by-pass which 1s determined in
accordance with the temperature of the engine cooling
water, because, in self cranking, a large quantity of the

atr 15 not required as that in starting, i.e. before self

cranking.

That 1s, in the idle running control (hereinafter re-
ferred to as ISC), the ISC open duty factor K; deter-
mined on the basis of a value taken-in from the cooling
water sensor 56 in starting is used as the ON duty factor
of the by-pass valve in starting by using the starter
motor, as shown by a line 11 in FIG. 24. When the en-
gine running has reached the state of self cranking in
which the engine can rotate without enlisting the aid of
the starter motor upon the completion of the starting
running by using the starter motor, that is when the
number of engine revolution has reached its self-crank-
ing value Nj (usually, about 400 r.p.m.), the by-pass
valve ON duty factor Kgcorresponding to the tempera-
ture of cooling water in state of self cranking is selected
on the basis of the ISC duty factor map along the line I,
as shown in FIG. 24. Thus, the by-pass valve ON duty
factor 1s changed over at the number of engine revolu-
tions of self cranking Ni as the boundary. Since the
difference between the duty factors Ky and Kgis large,
however, the number of engine revolutions falls down
swiftly at the change-over of duty factor as shown by
the curve my in FIG. 25. If the change-over of duty
factor is effected so early that the number of engine
revolutions at that time has not yet reached the number
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engine revolutions falls down rapidly as shown by the
curve mg4. Further, if the change-over of duty factor 1s
effected so later that the number of engine revolutions
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at that time is higher than the number of engine revolu-
tions of self-cranking N, the number of engine revolu-
tions may over shoot with respect to the number of
engine revolutions of idle running Ngrgr as shown by
the curve ms. Accordingly, disclosed here is a2 method
to smoothly shift the number of engine revolutions to
the reference number of engine revolutions of idle run- -
ning Nrerby gradually reducing the by-pass valve ON
duty factor from a predetermined value, which 1s se-
lected as an 1nitial duty factor after the duty-factor
change-over between the value K before self cranking
and the value Ko in self cranking, until the duty factor
has reached the value Ko. That i1s, the difference be-
tween the by-pass valve ON duty factor K before self
cranking and the by-pass valve ON duty factor Ko in
self cranking 1s multiplied Ly a predetermined factor k
(for example 0.5) to obtatn a value AK to which the
value Ko is added to obtain a value K3 (=Ko AK)
which 1s used as the above-mentioned initial value of the
by-pass valve ON duty factor after the state of self
cranking has reached. Thereafter, the by-pass valve ON
duty factor in self cranking is decreased from the initial
value K step by step by a predetermined value AD at
regular or predetermined intervals of time until it has
reached the value Ko, as shown in FIG. 24. In this
manner, the number of engine revolutions can gradually
smoothly reach its value of desired idling running, as
shown by a solid line curve mg 1n FIG. 25. It 1s noted
that, even in the case where the duty factor 1s changed
over at a time somewhat shifted, forward or backward,
from the timing corresponding to the number of engine
revolutions N indicating self cranking, the number of
engine revolutions can be stably shifted to the value of
idling running along the curve my.

FIG. 26 shows the relation between the by-pass valve
ON duty factor and the temperature of cooling water
after the state of self cranking has been reached. In this
drawing, the curves Kjand K;show the ON duty factor
characteristics before and in self cranking respectively.

FI1G. 27 shows a flowchart for processing the by-pass
valve ON duty factor in the ISC. This flowchart is
executed at regular or predetermined intervals of time,
for example every 160 msec. In the step 1001, first,

judgement is made as to whether the present number of

engine revolution N 1s larger than the self cranking
number of engine revolution N and if the result of

judgement proves that the former 1s larger than the

latter, that is the state of self cranking has been reached,
the processing is shifted to the step 1002, while if it
proves that the former is smaller than the latter, that is
if the state of self cranking has not yet been reached, the
flag of starting 1s set to ““1”” in the step 1003. Upon the
setting ““1” in this starting flag, the ON duty factor K;
before self cranking is retrieved in the map on the basis
of the temperature of cooling water in the step 1004,
and the value Ky is set in the ISCC 142 as the by-pass
valve ON duty factor in the step 1003. 'Thus, the by-pass
valve 62 is controlled by the output signal of the ISCC
142 such that its ON duty factor 1s made to take the
value K. In the step 1002, judgement is made as to
whether the starting flag 1s *“1” or not, and if “1”, the
processing is shifted to the step 1006 in which the start-
ing flag 1s reset to 0. Then, in the step 1007, the ON
duty factor Ko after the state of self cranking has been
reached is retrieved in the map on the basis of the cool-
Ing water temperature TW. In the step 1008, the value
AK=(Ki—Kp)Xk 1s obtained and set in the RAM. That
18, the difference between the values K 1and Ko is multi-
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plied by the predetermined factor k (for example,
k=0.5) to obtain the value AK. In the step 1009, next,
the value Ko is added to this value AK and the sum 1s set
in the ISCC 142 as the initial value of the by-pass valve
ON duty factor in self cranking.

If the result of the judgement in the step 1002 proves
that the starting flag is ““0”, on the contrary, the prede-
termined value AD is subtracted from the previous AK,
i.e. AK oz p, to obtain the present value AK ygwwhich is
stored in the RAM. In the step 1011, then, judgement 1s
made as to whether the ON duty factor AKygw ob-
tained in the step 1010 is equal to or smaller than zero,
and when the result of judgement proves that the value
AK yew is larger than zero, the processing 1s shifted to
the step 1013, while, when it proves that the value
AKX yEwis not larger than zero, it is determined that the
processing to decrease the ON duty factor has been
completed and the processing to make AKyEw zero 1S
effected in the step 1012. In the step 1013, then, the ON
duty factor after the state of self cranking has been
reached is retrieved on the map on the basis of the cool-
ing water temperature TW. In the step 1014, next, the
value Ko is added to the value AKyew and the sum 18
set into the ISCC. If the result of judgement proves that
AKnvew=0 in the step 1011, the by-pass valve ON duty
factor is thereafter subjected to the feedback control
based on the number of engine revolution.

Further, if the factor k in the step 1008 is selected to
a value 0.5<k <1 and the initial value of the ON duty
factor in self cranking is set to a value K3 (K2 <X3< K1)
as shown in FIG. 24 so that the ON duty factor 1s de-
creased from this initial value K3 by the predetermined
value AD step by step in self cranking as shown by the
broken line 13 in FIG. 24, the number of engine revolu-
tions may somewhat overshoot after the change-over of
duty factor as shown by the curve mj3 in FIG. 25. If the
factor k is selected to a value 0 <k <0.5 and the nitial
value of the ON duty factor in self cranking 1s set to a
value K4 (Ko< K4K3) so that the ON duty factor 1s
decreased from this initial value K4 by the predeter-
mined value AD step by step in self cranking as shown
by the broken line l4, alternatively, the number of en-
gine revolutions may become somewhat smaller after
the change-over of duty factor as shown by the curve
ma.

Thus, in this embodiment, the number of engine revo-
lutions after the state of self cranking has been reached
can be smoothly controlled by controlling the by-pass
valve ON duty factor.

Referring to FIGS. 28 and 29, another embodiment in
which the number of engine revolutions can be stably
controlled when the idling switch is changed over trom
its ON state to its OFF state in the ISC will be described
hereunder.

In the by-pass valve ON duty factor control 1n the
ISC after the engine state of self cranking has been
reached, the ON duty factor has a value of the sum of a
fixed value or component Ko of ON duty factor which
is determined in accordance with the cooling water
temperature and an additional or feedback component
ISCfgp corresponding to the quantity of feedback of the
number of engine revolutions for controlling the num-
ber of engine revolutions to the reference number of
engine revolutions for idle running Nggr The addi-
tional or feedback component ISCrp1s a compensating
value determined in accodance with the difference be-
tween the present number of engine revolutions N and
the reference number of engine revolutions for 1idle
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running Nggr. In the OFF state of the idling switch, the
ON duty factor has only the fixed component Ko deter-
mined in accordance with the cooling water tempera-
ture. Upon the change-over of the idling switch from 1ts
ON state to OFF in the ISC, the feedback component
ISCrg of the ON duty factor which has existed in the
ON state of the idling switch as shown in FIG. 28(A)
becomes zero and the ON duty factor is clamped to the
value of the fixed component Ko determined in accor-
dance with the cooling water temperature. That is, open
loop control begins. Although the feedback component
ISCrpshown in FIG. 28(A) has a negative value, 1t may
of course have a positive value. Accordingly, in the
case where the ON duty factor in idle running is con-
trolled to have a value lower than the fixed component
Ko, that is, when the feedback component ISCgp has a
negative value, the control is made to be the open loop
one when the idling switch is turned OFF. Thus, the
feedback component of the ON duty factor becomes
zero and the ON duty factor is constituted by only the
fixed component Ko, so that the value of the ON duty
factor increases immediately. Accordingly, thereafter,
if the idling switch is turned ON at the time 13 as shown
in FIG. 28(B), the feedback control is started agamn.
Thus, the ON duty factor has again the fixed compo-
nent Ko as well as the feedback component ISCrp(neg-
ative value in this embodiment) which is determined in
accordance with the difference AN between the present
value of the number of engine revolutions N and the
reference number of engine revolutions for idle running
Nrzerand the ON duty factor is gradually decreased to
the value for idle running because the absolute value of
the feedback component gradually increases. In the case
where the feedback component ISCgp takes a positive

value, the ON duty factor in the OFF state of the idling

switch, which is the fixed component Ko, 1s lower than
the ON duty factor on the ON state of the idling switch.
Accordingly, upon the turning ON of the idling switch
the ON duty factor gradually increases by the feedback
control. Accordingly, the ON duty factor changes as
follows when the ON-OFF operation of the idling
switch is repeated rapidly as shown in FIG. 28(B), that
is, when the depression and release of the accelerator 1s
temporarily repeated. That is, the ON duty factor
changes immediately to the value of the fixed compo-
nent Ko determined in accordance with the cooling
water temperature as shown in FIG. 28(C) upon the
turning OFF of the idling switch and clamped to the
value Ko during the OFF period of the idling switch.
When the idling switch is turned ON again at the time
to on the assumption that the feedback component
ISCrp is negative, the ON duty factor gradually de-

~ creases from the clamped value Ko to the value for idle
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running, that is ISCrp+Ko. Thus, there 1s a disadvan-
tage that the number of engine revolutions increases
rapidly upon the turning OFF of the idling switch as
shown in FIG. 28(D) because the ON duty factor 1s
larger in the OFF state of the idling switch than the ON -
duty factor in idle running. Thus, the rapid repetition of
ON-OFF state of the idling swtich causes rapid rising of
the engine speed, resulting in unconfortable feeling for
the driver.

To cope with this disadvantage, 1t is convenient to
cause the ON duty factor to change step by step as
shown in FIG. 28(E) upon the turning OFF of the
idling switch, while suppressing the immediate change
to the fixed value Ko determined in accordance with
the cooling water temperature. Thus, upon the turning
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OFF of the idling switch at the time t; FIG. 28(F) the
ON duty factor rises from the value in idle running

toward the fixed value Ko gradually step by step as
shown in FIG. 28(G), and when the idling switch is
turned ON again at the time t; before the fixed value Ko
has not been yet reached, the feedback control begins
from that time so as to control the ON duty factor to
become the ON duty factor for idle running. Thus, the
number of engine revolutions can be prevented from

temporarily and rapdily rising upon the turning OFF of 10

the 1dling switch as shown in FIG. 28(H).

FIG. 29 shows a processing flow for the embodiment
as described above. This flow 1s executed at regular or
predetermined time intervals, for example, every 160
msec. First, judgement 1s made as to whether the 1dling
switch 1s in the OFF state or not in the step 1101, and if
the result of judgement proves that the idling switch is
in the OFF state, judgement 1s made as to whether the
feedback component ISCgp of the ON duty factor for
idle runnign 1s not smaller than zero in the step 1102.
When the result of judgement in the step 1102 proves
that the feedback component ISCgp 15 smaller than
zero, a predetermined ON duty factor value AD is
added to the feedback component ISCgpso as to obtain
a new value of feedback component and the previous
value of the feedback component is replaced by the thus
obtained new value, 1n the step 1104. In the step 1107,
then, map-retrieval 1s effected to obtain the ON duty
fixed component Ko determined in accordance with the
cooling water temperature, the feedback component
ISCgp obtained 1n the step 1104 1s added to this fixed
component Ko, the sum Ko+ ISCgp 1s set into the
RAM, and the by-pass valve 62 i1s controlled by the
output pulse of the ISCC 142. If the result of judgement
in the step 1102 proves that the feedback component
ISCrpis equal to or larger than zero, further judgement
is made in the step 1103 as to whether the feedback
component ISCgp 1s zero or not. If the result of judge-
ment in the step 1104 proves that the feedback compo-
nent ISCgp 1s zero, the sum of the fixed component Ko
determined n accordance with the cooling water tem-
perature which has been obtained by the map-retrieval
and the feedback component ISCgp (this value is now
zero), that 1s, the fixed value Ko determined in accor-
dance with the cooling water temperature is set into the
ISCC as the by-pass valve ON duty factor. If the result
of judgement in the step 1103 proves that the feedback
component ISCgp is not zero, that is, larger than zero,
on the contrary, a predetermined negative value of the
ON duty factor changing value (—AD) is added to the
previous value of the feedback component ISCgp so as

to decrease the latter to thereby obtain a new value of

the feedback component ISCgg in the step 1105. The
‘new value of feedback component ISCrp obtained in
the step 11035 1s added to the fixed component Ko deter-
mined in accordance with the cooling water tempera-
ture and the sum 1s set in the ISCC in the step 1107. If
the result of judgement in the step 1101 proves that the
idling switch is on the ON state, on the contrary, the
feedback component ISCgp is obtained in accordance
with the difference between the actual value of the
number of engine revolution N and the reference value
of the number of engine revolution for idle running
Ngrer 1n the step 1106 so as to perform the feedback
control on the basis of the number of engine revolution.
In the step 1107, then, the value ISCgg obtained in the
step 1106 is added to the fixed component Ko deter-
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mined in accordance with the cooling water tempera-
ture and the sum is set in the ISCC.
Thus, 1n this embodiment, a predetermined value AD

1s added to or substracted from the ON duty factor for
idle running step by step at regular or predetermined
intervals of time so as to reduce the value of the feed-
back component ISCgp to zero. Since the ON duty
factor chages gradually toward the f{ixed value Ko, the
number of engine revolutions 1s prevented from being
changed suddenly, as shown in FIG. 28(H).

Next, a third embodiment will be explained referring
to FIGS. 30 to 33, in which the by-pass valve ON duty
factor is controlled so that the number of engine revolu-
tion can be smoothly changed when the idling switch is
turned ON from the OFF state, that is when the engine
state 1s changed from normai running to an idling opera-
tion.

If the idling switch 1s turned ON from its OFF state
at the time t; as shown in FIG. 30(A), the feedback
control with respect to the by-pass valve ON duty fac-
tor 1s started as shown in FIG. 30(B). That is, the ON
duty factor for the OFF state of the idling switch, i.e.
the value (Ko+ISCrp) which is the sum of the ON
duty factor fixed component Ko and the ON duty fac-
tor feedback component ISCgp corresponding to the
difference AN between the actual value of the number
of engine revolutions N and the reference value of the
number of engine revolution for idle running Nggg, 13
outputted as the ON duty factor at this time. That is, if
the feedback component ISCgp has a negative value
(hereinafter, it is assumed that the value ISCgp is nega-
tive 1n this embodiment), the value ISCgp is decreased
at regular or predetermined intervals of time by a feed-
back component changing value AD (negative value)
which is determined by the above-mentioned difference
value AN in the number of engine revolutions and,
therefore, the by-pass valve ON duty factor gradually
decreases after the time t;, as shown in FIG. 30(B). In
the case where the ON duty factor is determined to
control the number of engine revolutions to the refer-
ence number of engine revolutions Nggr by feedback
control, however, the number of engine revolutions
may be so reduced below the reference number of en-
gine revolutions Ngigr (overshoot) as shown in FIG.
30(C) when 1t 1s reduced toward the reference number
of engine revolutions by the feedback control, with the
possibility of occurence of engine stoppage. If the num-
ber of engine revolutions N comes below the reference
number of engine revolutions for idle running Nggg (at
the time t3), the difference AN=N—-Nggr becomes
negative and therefore the changing value AD becomes
positive so that the feedback component ISCgp in-
creases gradually. To cope with this problem, a method
has been proposed conventionally, in which the feed-
back control s started upon the turning ON of the
tidling switch at the time t{ as shown in FIG. 30(D) so as
to decrease the ON duty factor step by step by the ON
duty factor changing value AD to thereby reduce the
number of engine revolutions N toward the reference
number of engine revolutions Ngrgr, and when the num-
ber of engine revolutions N has reached a given value
which is the sum (Nggr+ ANo) of the reference num-
ber of engine revolutions Nggr and a predetermined
fixed value ANo (for example, 400 r.p.m.) at the time t»,
the ON duty factor feedback control is stopped, that is
the decreasing of the value ISCgpis stopped, so that the
by-pass valve ON duty factor is caused to come back to
the fixed component Ko and the feedback control is
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effected again to thereby converge the number of en-
gine revolutions to the desired value, as shown by the
broken curve in FIG. 30(C). In this method, however,
the number of engine revolutions may overshoot to
downward exceed the desired value Nggras shown by
the broken curve in FIG. 30(C) even if the ON duty
factor is increased at the time where the number of
engine revolutions has reached the value which 1s the
sum of the desired value Nrgr and the predetermined
value ANo. |

In the third embodiment according to the present
invention, therefore, the feedback control 1s not imme-
diately effected upon the turning ON of the 1dling
switch at the time t; but started when the number of
engine revolution has reduced to the value which 1S
larger than the reference or desired value Ngrgr by a
predetermined value ANo (for example, 400 r.p.m.), as
shown in FIGS. 30(E) and (F). Although it takes a
longer time for the number of engine revolutions to
reach the value of the sum of the desired number of
engine revolutions Ngrgr and the fixed value ANo n
comparison with the case of FIG. 30(D) (actually, the
period of time is so short that it is difficult to clearly find
the difference by measurement), the number of engine
revolutions can be quickly converged, after the initia-
tion of the feedback control, to the desired reference
value in comparison with the conventional case without
overshooting.

In such a method in which the feedback control i1s
started from the time where the number of engine revo-
Jutions has reached the value which is larger than the
desired reference value Nrer by the fixed value ANo,
assume that after normal running, the accelerator is
released at the third, fourth, or top gear position to
effect engine braking to gently decrease the number of
engine revolutions and the clutch is turned OFF before
the number of engine revolutions has reached a suffi-
ciently low value at which knocking may occur. Then,
the number of engine revolutions may largely fall down
at the time t2 as shown in FIG. 31(A) because the engine
load becomes light at that time. That is, if the 1dling

switch is turned ON and the engine braking s effected |

at time t; where the number of engine revolutions has
reached the value N; (N1=Ngrer+ANo), the decrease
of the number of engine revolutions becomes gentle so
that rate of reduction of the value AN=(N—NREF)
becomes smaller to maintain the changing value AD of
the feedback component ISCgp large, whereby the ON
duty factor (Ko+ISCgp) decreases rapidly as shown in
FIG. 31(B) to rapidly reduce the number of engine
revolutions toward the desired value. In such a case
where the changing value AD of the feedback compo-
nent ISCgp has reached a large value, if the clutch is
turned OFF at the time t) where the number of engine
revolutions is N so as to provide non-braking condi-
tion, the engine load decreases rapidly and the number
of engine revolutions falls down rapidly to overshoot or
downward exceed the reference value Ngrgr If the
number of engine revolutions becomes lower than the
reference value Nrers, the reduction of the number of
engine revolutions can not be sufficiently recovered
although the changing value AD becomes positive to
act to increase the value ISCrp. To cope with this prob-
lem, the rate of change of the number of engine revolu-
tions upon the initiation of the feedback control, 1.e.
immediately after the idling switch has been turned ON
from its OFF state, is obtained so that when the rate of
change is smaller than a predetermined value, the gain
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of feedback control, i.e. the feedback changing value-
AD, is made small to increase the rate of change of the
ON duty factor (Ko+ISCgp) to effect the feedback
control gently as shown in FIG. 31(C). Thus, the num-
ber of engine revolutions can be converged to the de-
sired value rapidly without overshooting, as shown in
FI1G. 31(D). |

Further, the feedback control is started at the time
where the number of engine revolutions 1s larger than
the desired value Ngrgrby ANo and therefore the rate
of reduction of the number of engine revolutions may
be large if there exists a load such as air conditioner at
the time when the feedback control is started. Accord-
ingly, if the feedback control is started at the time t; at
which the number of engine revolutions has become a
value Njwhich is larger than the desired value Nrgrby
the value ANo so as to perform ordinary feedback con-
trol as shown by the curve Pjin FIG. 32(B), the number
of engine revolutions decreases suddenly so as to down-
ward exceed the desired value Nrgras shown by sohid
line in FIG. 32(A). To cope with this problem, when
the rate of reduction of the number of engine revolu-
tions is larger than a predetermined value at the time at
which the number of engine revolutions becomes the
abovementioned value Nj, the ON duty factor incre-
ment ISCD is obtained in accordance with the rate of
reduction as shown in FIG. 32(B) and the increment
ISCD is added to the ON duty factor (Ko+4ISCgp) so
as to perform the feedback control by using this sum
(Ko +ISCrp+ISCD) as the ON duty factor which 1s
decreased step by step at regular or predetermined in-
tervals of time (for example, every 160 msec) by the ON
duty factor changing value AD determined on the basts
of the difference AN between the present number of
engine revolutions N and the desired or reference num-
ber of engine revolutions Ngrgr. In this manner, the
number of engine revolutions gradually decreases after
the time t; and smoothly reaches the desired or refer-
ence value Ngrgr without downwardly exceeding the
desired value. The ON duty factor increment ISCD 1s
maintained constant while the rate of reduction of the
number of engine revolutions is substantially constant,
and increased or decreased in accordance the value of
the rate of reduction of the number of engine revolu-
tions when the rate of reduction increases Or decreases,
respectively.

Referring to the flowchart shown in FIG. 33, the
embodiment in which the by-pass valve ON duty factor
after the turning-on of the idling switch is controlied as
shown in FIGS. 30 to 32 will be described hereunder. It
is assumed that the processing flow of FIG. 33 1s exe-
cuted every 160 msec and that the feedback component
ISCfrp has a negativé value in this processing flow as
shown in FIGS. 30 to 32. | |

In the step 1201, first, the number of engine revolu
tions is read and be stored as Nygwin a predetermined
area of the RAM and the previously read value i1s
shifted as Npzp to another area in the RAM. Next,
judgement is made as to whether the ON duty factor
increment ISCD is zero or not in the step 1202. If the
result of judgement proves that the increment ISCD 1s
not zero, a predetermined ON duty factor value Ad 1s
subtracted from the ON duty factor increment ISCD
and the resulted value is stored in a predetermined area
of the RAM in the step 1203, and the processing is
shifted to the step 1204 when the result of judgement
proves that the increment ISCD is zero in the step 1202.
On the contrary, the processing is shifted to the step
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1204. In the step 1204, judgement i1s made as to whether
the 1dling switch 1s in the ON state or not. If the result
of judgement in this step proves that the idling switch is

in the OFF state, a flag 1 is set to ““1” in the step 1203
and a flag 2 1s reset to “0” in the step 1206. The flag 11s 5
for indicating the OFF state of the idling switch and the
flag 2 is for executing the control to minimize the
changing value AD for the ON duty factor feedback
component ISCrgp. When the result of judgement
proves that the idling switch is in the OFF state, it 1s
considered that system 1s to be subjected to open loop
control and the ON duty factor fixed component Ko 1s
map-retrieved on the basis of the cooling water temper-
ature i1n the step 1207 so as to be set into the register
ISCC 142.

If the result of the judgement in the step 1204 proves
that the idling switch is ON, the reference number of
engine revolutions for idle running Ngrgr 1s computed
on the basis of the cooling water temperature and stored
in a predetermined area of the RAM 1n the step 1208. In 20
the step 1209, next judgement is made as to whether “1”
1s set in the flag 1 or not. If the result of judgement
proves that “1”” 1s not set to the flag 1, 1t 1s considered
that the 1dling switch has been left in the ON state and
the processing is shifted to the step 1214. If the result of 25
judgement in the step 1209 proves that “1” is set in the
flag 1, it is considered that the state of the idling switch
has been changed from 1ts OFF state to ON and judge-
ment 1s made in the step 1210 as to whether the number
of engine revolutions Ny taken-in in the step 1201 is
not smaller than the value obtained by adding the value
ANo to the reference number of engine revolutions
Ngrer for idle running. If the result of judgement in this
step 1210 proves that the value Nygw is equal to or
larger than the sum of the value Nggr and the value 35
ANo, it 1s considered that the ON duty factor is not yet
to be subjected to the number-of-engine-revolution
feedback control but to the open loop control and the
processing 1s shifted to the step 1224. In the step 1224,
the ON duty factor fixed component Ko is map-
retrieved on the basis of the cooling water temperature
and set into the register ISCC 142. Thus, open loop
control 1s effected after the turning ON of the idling
switch and before the time t;. If the result of judgement
in the step 1210 proves that the value Nygy is smaller
than the sum of the value Ngggand the value ANo, on
the contrary, 1t is considered that the number-of-engine-
revolutions feedback control for the ON duty factor is
to be effected and the flag 1 is reset in the step 1211. In
the step 1212, then, the rate of change of the number of 50
engine revolutions (An=NorLp—NnEWw) 1s obtained
from the respective values of the number of engine
revolutions Nygw and Nz p taken-in in the step 1201
and judgement is made as to whether this An is smaller
than a predetermined value An, or not. If the result of 355
Judgement in the step 1212 proves that the rate of reduc-
tion of the number of engine revolutions (An=~Nopr.p—-
NyEew) 1s equal to or larger than the predetermined
value An,, the processing is shifted to the step 1214. If
the value An 1s smaller than the predetermined value 60
Ang, “17 1s set in the flag 1 in the step 1213. That is, the
changing value AD for the feedback component ISCgp
1s set to a minimum value when the rate of reduction of
the number of engine revolutions An is smaller than the
predetermined value An,at the time t; as shown in FIG. 65
31, and “1” 1s set to the flag 1 to indicate such control.

Upon the resetting of the flag 1 in the step 1211, the
processing 1s shifted from the step 1209 to the step 1214
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after the time t1. In the step 1214, next, the ON duty
factor increment ISCD, 1s computed from the rate of
reduction of the number of engine revolutions
An=Norp— Nyew and stored into the RAM.

The increment ISCDy1s set such that it is larger as the
rate of reduction An is larger and set to zero when it 1s
smaller than the predetermined value An; 1i.e.
(An; < Ang). That 1, as shown in FIG. 32, when the rate
of reduction of the number of engine revolutions An is
equal to or larger than the predetermined value Anj
after the time t;, the mcrement ISCD in accordance
with the rate of reduction An i1s add to the ON duty
factor to prevent the sudden reduction in the engine
speed.

Next, judgement is made as to whether the increment
ISCD obtained in the step 1214 is larger than the incre-
ment ISCD, obtained in the step 1203. If the result of
judgement proves that the increment ISCD, is not
larger than the increment ISCD, that is when the rate of
reduction of the number of engine revolutions An 1s
smaller than the previous value of the same, the process-
ing is shifted to the step 1217, and the increment ISCD
which has been decreased by Ad obtained in the step
1203 1s used 1in the ON duty factor computing in the
later step 1223. In this manner, as shown in FIG. 32(B)
after the time tj, the increment ISCD 1s decreased by Ad
step by step at regular or predetermined intervals of
time as the rate of reduction of engine speed becomes
smaller so that the reference number of engine revolu-
tions Nrgr can be reached smoothly.

If the result of judgement proves that the increment
ISCDy, 1s larger than the increment ISCD, that is when
the rate of reduction of the number of engine revolu-
tions An 1s substantially equal to or larger than the pre-
vious value of the same, on the contrary, the increment
ISCD, obtained in the step 1214 is made to be the incre-
ment ISCD which is used in the ON duty factor com-
puting operation in the step 1223. This is, because, for
example, in FIG. 32, when the rate of reduction of the
number of engine revolutions becomes larger after the
ON duty factor feedback control has been started and
the ON duty factor has been increased by the increment
[SCD after the time ty, the increment ISCD 1s renewed
to a larger value determined corresponding to the rate
of reduction of the number of engine revolutions An to
thereby prevent the engine speed from suddenly drop-
ping.

In the step 1217, next, the reference number of engine
revolutions Nggrobtained in the step 1208 is compared
with the number of engine revolution Nygy taken-in in
the step 1201 to judge whether the former is not smaller
than the latter. If the result of judgement in this step
1201 proves that Nggris smaller than Nygw, the flag 2
1s reset in the step 1218. That is, it is considered that the
control to minimize the changing value AD for the ON
duty factor feedback components ISCgp has been com-
pleted.

In the step 1219, then, judgement is made as to
whether *“1”° 1s set in the flag 2 or not, so that when the
flag 2 1s set to **17, the changing value AD for the feed-
back component ISCggis set to a minimum value in the
step 1220, while 1if the result of judgement in the step
1219 proves that the flag 2 is not set to “1”, the chang-
ing value AD for the feedback component ISCgp is
obtained in accordance with the value AN=Ngrpr—-
Nyew in the step 1221. The changing value AD is set
such that it i1s larger as the value AN=Ngrgr—NNEW
becomes larger.
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In the step 1222, next, the new feedback component
ISCrp(vEW) is obtained from the previous feedback
component ISCrporp) (this value is assumed to be
negative, here) and the changing value AD obtained in
the step 1221. That is, the value (ISCggoLp)—AD) 18
made ISCrpnNEW).-

In the step 1223, then, ON duty factor is obtained
 from the value of increment ISCD determined in the
steps 1215 and 1216 and the feedback component
ISCrp(new) obtained from the step 1222. That 1s, the
value Ko+ ISCrpnvew)+ISCD 1s computed and set n
the ISCC 142.

Thus, as shown in FIG. 31, if the number of engine
revolutions decreases gradually when the engine brake
is actuated at the third, the fourth, or the top gear posi-
tion under the condition that the number of engine
revolutions feedback control has been started at the
time ty, the flag 2 is set to ‘1" in the steps 1212 and 1213
and the change value AD for the feedback component
ISCrp is minimized, as shown in the steps 1217 to 1220,
to thereby prevent the number of engine revolutions
from suddenly dropping. It is noted that the ON duty
factor increment ISCD is zero in this case.

As shown in FIG. 32, if the engine load is large and
the rate of reduction of the number of engine revolu-
tions is larger than the predetermined value Anj under
the condition that the number of engine revolutions
feedback control has been started at the time ti, the ON
duty increment ISCD is obtained in the step 1214 on the
basis of An, the larger one between this value ISCD and
“the value of difference obtained by subtracting the pre-
determined value Ad from the previous increment ob-
tained in the step 1203 is obtained in the step 1215 and
1216, and the thus obtained value is added to the fixed
and feedback components of the ON duty factor in the
step 1223. In this manner, the ON duty factor is made
larger to prevent the number of engine revolutions from
dropping when the rate of reduction of the number of
engine revolutions 1s large.

Although the description as to the embodiment
shown in FIGS. 30 to 32 is made on the assumption that
the feedback component ISCgp of the ON duty factor 1s
negative, the present invention can be applied to the
case where the feedback component ISCgptakes a posi-
tive value. In this case the feedback control 1s effected
from the beginning because the number of engine revo-
lutions N is always smaller than the sum Nggr-+ANo.
Further, the changing value Ad in the step 1203 and the
changing value AD in the step 1221 are assumed to be
negative, and the changing value ISCD for the ON duty
is also assumed to be negative.

Referring to FIGS. 34 and 35, a fourth embodiment
in ‘which the number of engine revolutions is smoothly
turned back to the value of the reference number of
engine revolutions for idle running even if it deviates
due to the change of load under the condition that the
feedback control is being effected in the ISC, that is 1n
the ON state of the idling switch.

As shown in FIGS. 34(A) and (B), if the load changes

at the time t; under the condition that the number of 60

engine revolutions is maintained at the reference value
Nrgr for idling running in the ON state of the idling
switch, e.g. if an air-conditioner is turned ON or a head
light is lit so that the load increases, the number of
engine revolutions will decrease from the reference
value Ngrgr for idling running. Accordingly, the feed-
back component ISCgp for the by-pass valve ON duty
factor is increased by the increment AD determined in
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accordance with the difference AN=N—Nggr{where
N being the present number of engine revolutions) step

by step at regular or predetermined intervals of time so

as to gradually increase the number of engine revolu-
tions. If the present invention of engine revolutions
exceeds the reference value Nrgr at the time tp, the
increment AD is set to a negative value so that the ON
duty factor decreases gradually. The number of engine
revolutions, however, continues to increase as it was for
a time and then decreases because of response delay,
until it reaches the reference value Nggr for idle run-
ning. Since the number of engine reference delays in
response to the change in ON duty factor, vibration or
hunting may occur around the reference number of
engine revolutions Ngrgr In order to prevent this phe-
nomena of vibration from occurring, after the ON duty
factor increment which is performed at regular or pre-
determined intervals of time (for example every 160

~ msec) has been effected predetermined times (for exam-
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' ple, fourteen times), the ON duty factor is clamped at its

final value for a predetermined period of time (for ex-
ample, 0.5 msec) so as to stop the feedback control
during that period of time. Thereafter, the feedback 1s
restarted upon the elapse of the predetermined period of
time. Thus, the ON duty factor is gradually increased to
increase the number of engine revolutions step by step
to thereby prevent the hunting phenomena from occur-
ring in the engine speed. Further, when the difference
AN between the present number of engine revolutions
N and the reference number of engine revolutions for
idle running decreases beyond a predetermined value
AN1, the ON duty factor clamping operation 1s stopped
and the ON duty factor is increased step by step by the
increment AD which is determined in accordance with

the value AN.

FIG. 35 is a flowchart for performing the ON duty
factor processing as described above. It 1s assumed that
the flow is executed at regular or predetermined inter-
vals of time, for example, every 160 msec, and shows
the processing when the load becomes larger.

In the step 1301, judgement is made as to whether the
idling switch is in the ON state or not. If the result of

judgement in the step 1301 proves that the idling switch

is in the OFF state, it is considered that the open loop
control be effective, a flag indicating the stoppage of
feedback control is reset, a counter for counting the
times C of the feedback component increment operation
is reset, and a timer for measuring the period of time
during which the feedback control is stopped, in the
step 1302. To perform the open loop control for the ON
duty factor, the fixed component Ko of the ON duty
factor is map-retrieved on the basis of the cooling water
temperature and set in the register ISCC 142. If the
result of judgement in the step 1301 proves that the
idling switch is in the ON state, on the contrary, it 1s
considered that the feedback control be effective, the
reference number of engine revolutions Nrgr for idle
running is obtained in accordance with the cooling

‘water temperature and stored in the RAM 1n the step

1303. In the step 1304, then, judgement 1s made as to
whether the feedback control stoppage flag 1s set to “1”
or not. If the flag is set to “1”, the value of the ON duty
factor is clamped for the periods of time t2-t3 and t4-t5as
shown in FIG. 34(D). That is, if the result of judgement
in the step 1304 proves that the flag is set to “1”, 1 (one)
is added to the contents T of a timer for counting the
feedback control stoppage period of time (a software
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timer in the RAM) and the sum is considered as the new

timer contents T in the step 1303.
In the step 1306, next, judgement 1s made as to
whether the timer contents T obtained in the step 1305

has reached a predetermined value To or not, that 1s as
to whether the clamping period of time has been termi-
nated or not. If the timer contents T 1s smaller than the
perdetermined value To, it is considered that the clamp-
ing period continues and the processing 1s shifted to the
step 1315. In this case the predetermined period of time
To is selected, for example, to 0.5 sec.

Thus, in the step 1315, judgement 1s made as to
whether the difference AN between the reference num-
ber of engine revolutions Nggrfor idle running and the
present number of engine revolutions N is smaller than
a predetermined value ANj or not, that 1s as to whether
the difference AN has reached the value AN> at which
the clamping operation be terminated. In this case the
difference AN is equal to or larger than the value AN
and therefore the processing is shifted to the step 1317
in which the ON duty factor Ko+ISCpgpis held as 1t 1s
‘because the feedback and fixed components 1SCgp and
Ko of the ON duty factor are not renewed. If the timer
contents T is equal to or larger than the predetermined
value To 1n the step 1306, it 1s considered that the
clamping period has been terminated and the processing
is shifted to the step 1307. In the step 1307, the feedback
control stoppage flag is reset, the counter 1s reset, the
time for measuring the period of feedback control stop-
page, that i1s the clamping period, 1s reset. Then, the
processing 1s shifted to the steps 1315 and 1317 and the
previous value of ON duty factor Ko+ISCgp 15 set 1n
the register ISCC 142.

If the result of judgement proves that the flag 1s 07,
it 1s considered that the timing to stop the feedback, that
1S, to pertorm the clamping, has not yet been reached,
and therefore the flow for performing the increment of
the ON duty factor feedback component. That 1s, the
difference AN between the reference number of engine
revolutions Nggrfor idle running and the present num-
ber of engine revolutions N (AN=Ngrgr—N) Is com-
puted in the step 1308, and judgement is made as to
whether the difference value AN is smaller than the
predetermined value ANj, that is as to whether the
difference value AN has reached the value AN; at
which the counting operation for counting the times of
adding operation of the increment AD to the feedback
component ISCgp has to be terminated. It is noted that
the difference value ANj; is such that AN;<AN> as
shown in FIG. 34(C). Since it is not necessary to count
the times of addition of the increment AD in the case
where AN < ANj, that since it 1s not required to perform
the clamping operation thereafter, the processing is
shifted to the step 1313. This corresponds to the case
after the time ty in FIG. 34(C). In this case, the values
AN and ANj are set such that each of them appears
between the number of engine revolutions Ng at the
time t7 and the number of engine revolutions Ny at the
time when the increment AD has been successively
added to the ON duty factor feedback component
ISCgppredetermined times, for example, Co times, after
the time t7. The increment AD is obtained in the step
1313 from the difference AN obtained in the step 1308,
and the thus obtained increment AD is added to the
previous feedback component ISCgporp) to obtain
new feedback component ISCggvew) in the step 1314.
Further, the ON duty factor fixed component Ko is
map-retrieved on the basis of the cooling water temper-
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ature. In the step 1315, then, judgement i1s made as to

whether the value AN obtained in the step 1308 1s not
smaller than the predetermined value AN> or not, that is
as to whether the clamping operation be ended or not.

If AN=ZAN3,, the processing is shifted to the step 1317,
while if AN<ANj, 1t 1s considered that the clamping
operation be terminated and the flag is reset. In the step
1317, then, the feedback and fixed components ISCgp.
(NEW) and Ko obtained in the step 1314 are added to
each other and the sum is set in the register ISCC.

If the result of judgement in the step 1309 proves that
AN = AN, the times of addition of the increment AD is
counted. That is, the contents C of the counter, that is
the soeftware counter in the RAM, is incremented by 1
(one) to be its new contents C in the step 1310, and the
processing is then shifted to the step 1311. In this step
1311, judgement is made as to whether the contents C of
the counter 1s smaller than the predetermined value Co
(for example, 14) or not. If the contents C i1s smaller than
the predetermined value Co, it 1s considered that 1t is
not necessary to clamp the ON duty factor and the
processing is shifted to the steps 1313 and 1314 so that
the fixed and feedback components of the ON duty
factor are obtained and the ON duty factor Ko-
+ISCrpvew)is set in the register ISCC in the step 1317
through the step 1315. -

The result of judgement in the step 1311 proves with
respect to the counter contents C that C=Co, it is con-
sidered that the clamping operation (that 1s the feedback
control operation) be stopped and *1” 1s set in the feed-
back control stoppage flag in the step 1312, the process-
ing being shifted then to the step 1315. This describes
the state at the time t3, t4, etc. in FIG. 34(D). In the step
1315, next, judgement is made with respect to the value
AN as to whether AN=ZAN-or not, and if AN= AN the
processing is shifted to the step 1317, while if
AN < ANj the flag is reset in the step 1316. In the step
1317, the previous value of ON duty factor Ko+ I1SCprp
is set in the register ISCC.

Although the case where load increases 1s explained
in the embodiments described above, the present inven-
tion can be applied in the case where load decreases so
that the number of engine revolutions increases {0 up-
ward exceed the reference number of engine revolu-
tions Nrgr. In such a case, the difference value AN used
in the steps 1308, 1309, 1313 and 1315 1s obtained by the
equation AN=N—Ngrgrand the increment AD takes a
negative value. Thus, upon the reduction of load, the
ON duty factor feedback component i1s decreased step
by step so that the number of engine revolutions can be
smoothly shifted to the reference number of engine
revolutions.

What is claimed is:

1. In an engine control system comprising an intake
path communicated with each cylinder of the engine
through an intake manifold; a throttle valve provided in
said intake path; a bypass provided in parallel with said
throttle valve for enabling a flow of intake air into a
lower portion of said throttle valve to bypass said throt-
tle valve; a bypass valve for controlling an opening area
of said bypass; a plurality of sensors including an angle
sensor means for producing a pulse signal in synchro-
nism with the revolutions of the crankshaft of the en-
gine, an opening sensor means for producing a first
output representing a first state of said throttle valve
with said throttle valve in a substantially completely
closed state and a second output representing a second
state of said throttle valve when said throttle valve is
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not in the substantially closed state, and a water temper-
ature sensor for detecting the temperature of cooling
water of the engine; a central processing means for
computing a value of duty factor for said bypass valve

in response to the respective outputs of said plurality of 5

sensors; and a pulse generating circuit means responsive
to the output of said central processing means for sup-
plying said bypass valve with a pulse signal representing
the computed value of duty factor, said central process-
ing means computes the number of engine revolutions
on the basis of the output pulse signal of said angle
sensor and the duty factor for said bypass valve 1s com-
puted in accordance with the computed value of the
number of engine revolutions and of the output of said
angle sensor means; an engine control method compris-
ing the steps of:
computing the duty factor for said bypass valve on
the basis of the outputs of said plurality of sensors
in an idle running operation of the engine;

supplying said bypass valve with a pulse signal repre-
senting a predetermined duty factor on the basis of
said computed value of the duty factor;

obtaining a first duty factor for said bypass valve in a

first engine state before a state has been reached in
which the engine is driven by itself without requir-
ing an external force;

obtaining a second duty factor for said bypass valve

in a second engine state in an idling operation after
the state has been reached in which the engine i1s
driven by itself; |

judging the engine state such that it 1s in said first

engine state when said computed value of the num-
ber of engine revolutions is smaller than a predeter-
mined value and that it is in said second engine
state once said computed value of the number of
engine revolutions is equal to or greater than said
predetermined value;

supplying said bypass valve with a pulse signal repre-

senting first duty factor when the result of the
judgment proves that the engine is in said first
engine state;
supplying said bypass valve with a pulse signal repre-
senting an initial duty factor which is a predeter-
mined value between said first and second duty
factors when judgment is made that the engine
state is changed from said first engine state to said
second engine state;
supplying said bypass valve successively with a pulse
signal representing a duty factor obtained by a step
by step decreasing of said initial duty factor by a
fixed value at predetermined time intervals; and

wherein said first and second duty factors are deter-
mined on the basis of the detected value of cooling
water temperature of the engine.

2. In an engine control system comprising an intake
path communicated with each cylinder of the engine
through an intake manifold; a throttle valve provided in
said intake path; a bypass provided in paraliel with said
throttle valve for enabling a flow of intake air into a
lower portion of said throttle valve to bypass said throt-
tle valve; a bypass valve for controlling an opening area
of said bypass; a plurality of sensors for detecting oper-

ating conditions of an engine including an angle sensor

means for producing a pulse signal in synchronism with
the revolutions of a crankshaft of said engine, an open-
ing sensor means for producing a first output represent-
ing a first state of said throttle valve with said throttle
valve in a substantially completely closed state and a
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second output representing a second state of said throt-
tle valve when said throttle valve is not in the substan-
tially closed state, and a water temperature sensor
means for detecting the temperature of cooling water of
the engine; central processing means for computing a
value of a duty factor for said bypass valve in response
to the respective outputs of said plurality of sensors,
said central processing means computes the number of
engine revolutions on the basis of the output pulse signal
of said angle sensor means and the duty factor for said
bypass valve is computed in accordance with the com-
puted value of the number of engine revolutions and the
output of said angle sensor means; and a pulse generat-
ing circuit means responsive to the output of said cen-
tral processing means for supplying said bypass valve
with a pulse signal representing the computed value of
the duty factor; an engine control method comprising
the steps of:

computing the duty factor for said bypass valve on

the basis of the outputs of said plurality of sensors
in an idling operation of the engine;

supplying said bypass valve representing a predeter-

mined duty factor on the basis of said computed
value of the duty factor; |

obtaining a first duty factor for said bypass valve on

the basis of the computed value of the number of
enging revolutions when the first output is being
produced by said opening sensor means;

obtaining a second duty factor for said bypass valve

when said second output is being produced from
said opening sensor means;
supplying said bypass valve with a pulse signal repre-
senting said first duty factor while said first output
is being produced from said opening sensor means;

adding a fixed value to said first duty factor when the
output of said opening sensor means 1s changed
from said first value to said second value and sup-
plying said bypass valve with a pulse signal repre-
senting the sum, the addition of said fixed value to
the previous sum being repeated at predetermined
time intervals so that a pulse signal representing the
thus obtained sum is successively supplied to said
bypass valve until the sum has reached said second
duty factor; and

said first and second duty factors are determined on

the basis of the detected value of the cooling water
temperature of the engine, said first duty factor 1s a
sum of a temperature component determined by
the temperature of cooling water of the engine and
a feedback component determined by a difference
between the computed value of the number of
engine revolutions and a desired value of the num-
ber of engine revolutions in an idling operation
determined on the basis of the cooling water tem-
perature and the second duty factor. i1s said fixed

component. |

3. An engine control method according to claim 2, in
which said fixed value is negative when said feedback
component is positive, while the former is positive
when the latter is negative.

4. In an engine control system comprising an intake
path communicated with each cylinder of the engine
through an intake manifold; a throttle valve provided in
said intake path; a bypass provided in parallel with said
throttle valve for enabling a flow of intake air mnto a
lower portion of said throttle valve to bypass said throt-
tle valve; a bypass valve for controlling an opening area
of said bypass; a plurality of sensors for detecting oper-
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ating conditions of an engine including an angle sensor
means for producing a pulse signal in synchronism with
the revolution of a crankshaft of said engine, an opening
sensor means for producing a first output representing a
first state of said throttle valve with said throttle valve
in a substantially completely closed state and a second
output representing a second state of said throttle valve
when said throttle valve is not in the substantially
closed state, and a water temperature sensor means for
detecting the temperature of cooling water of the en-
gine; a central processing means for computing a value
of a duty factor for said bypass valve in response to
respective outputs of said plurality of sensors; and a
pulse generating circuit means responsive to the output
of said central processing means for supplying said by-
pass valve with a pulse signal representing the com-
puted value of the duty factor, said central processing
means computes the number of engine revolutions on
the basis of the output pulse signal of said angle sensor
means and the duty factor for said bypass valve is com-
puted in accordance with the computed value of the
number of engine revolutions and the output of said
angle sensor means; an engine control method compris-
ing the steps of:

computing the duty factor for said bypass valve on

the basis of the outputs of said sensors in an i1dling
operation of the engine;

supplying said bypass valve with a pulse signal repre-

senting a predetermined duty factor on the basis of
said computed value of the duty factor;
obtaining a first duty factor for said bypass valve on
the basis of the computed value of the number of
engine revolutions when said first output i1s being
produced from said opening sensor means;

obtaining a second duty factor for said bypass valve
‘when said second output is being produced from
said opening sensor means;

supplying said bypass valve with a pulse signal repre-

senting said first duty factor when the computed
value of the number of engine revolutions becomes
lower than said predetermined number of engine
revolutions which is higher than the desired num-
ber of engine revolutions in an idling operation of
the engine after the output of said opening sensor
means has been changed from said second output
to said first output; and

wherein said first and second duty factors are deter-

mined on the basis of the detected value of the
cooling water temperature of the engine, said first
duty factor 1s a sum of a temperature component
determined by the temperature of the cooling
water of the engine and a feedback component
determined by a difference between the computed
value of the number of engine revolutions and a
desired value of the number of engine revolutions
in an 1dling operation of the engine determined by
the cooling water temperature, and the second
duty factor 18 said temperature component.

5. An engine control method according to claim 4,
wherein said feedback component of said first duty
factor 1s minimized when the rate of reduction in the
computed value of the number of engine revolutions is
less than a first predetermined rate of reduction.

6. An engine control method according to claim 4,
wherein, when the rate of reduction in the computed
value of the number of engine revolutions is larger than
a second predetermined rate of reduction, an increment
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value of the duty factor determined by said rate of re-
duction at the time is added to said first duty factor.

7. An engine control method according to claim 6,
wherein, when the rate of reduction in the number of
engine revolutions increases, said increment value of
the duty factor is renewed to a value corresponding to
said increased rate of reduction in the number of engine
revolutions. |

8. An engine control method according to claim 7,
wherein when the rate of reduction in the number of
engine revolutions decreased, said increment value of
duty factor i1s reduced by a fixed value.

9. In an engine control system comprising an intake
path communicated with each cylinder of the engine
through an intake manifold; a throttle valve provided in
said intake path; a bypass provided in parallel with said
throttle valve for enabling a flow of intake air into a
lower portion of said throttle valve to bypass said throt-
tle valve; a bypass valve for controlling an opening area
of said bypass; a plurahty of sensors for detecting oper-
ating conditions of an engine including an angle sensor

means for producing a pulse signal in synchronism with

the revolutions of a crankshaft of said engine, and an
opening sensor means for producing a first output repre-
senting a first state of said throttle valve wherein said
throttle valve is in a substantially completely closed
state and a second output representing a second state of
sald throttle valve when the throttle valve is not in the
substantially closed state;

a central processing means for computing a value of a
duty factor for said bypass valve in response to the
respective outputs of said plurality of sensors, said
central processing means computes the number of
engine revolutions on the basis of the output pulse
signal of said angle sensor and the duty factor for
said bypass valve is computed in accordance with
the computed value of the number of engine revo-
lutions and the output of said angle sensor means;
and a pulse generating circuit means responsive to
the output of said central processing means for
supplying said bypass valve with a pulse signal
representing the computed value of the duty factor;
an engine control method comprising the steps of:

computing the duty factor for said bypass valve on
the basis of the outputs of said plurality of sensors
in an idle operation of the engine;

supplying said bypass valve with a pulse signal repre-
senting a predetermined duty factor on the basis of
said computed value of the duty factor;

obtaining a duty factor for said bypass valve on the
basis of the computed value of the number of en-
gine revolutions when said first output s being
produced from said Opening sensor means;

clamping the value of said duty factor for a first pre-
determined period of time every time a second
predetermined period of time has elasped, when
the computed value of the number of engine revo-
lutions deviates from a desired value of the number
of engine revolutions in the 1dling operation of the
engine under the condition that said first output 1s
being produced {rom said opening sensor means.

10. An engine control method according to claim 9,

wherein said plurality of sensors includes a water tem-
perature sensor means for detecting the temperature of
cooling water of the engine, and in which said duty
factor s determined on the basis of the detected value of
cooling water temperature of the engine.
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11. An engine control method according to claim 10
wherein said duty factor is a sum of a temperature com-
ponent determined by the temperature of the cooling
water of the engine and a feedback component deter-
mined by a difference between the computed value of
the number of engine revolutions and a desired value of
the number of engine revolutions in the idling operation
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of the engine determined on the basis of the cooling

water temperature.

12. An engine control method according to claim 11,
in which the clamp of said duty factor is not effected
when the difference between the computed value of the
number of engine revolutions 1s less than a predeter-

mined value.
3 E L ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

